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1010 EMPIRE BUILDING PITTSBURGH, PA. 


RNOLOGY DEPT: 





. rR: 

{ 
“ ) ' 

bi 

8 

_ ‘| 
$ 
j 
as, 
- B 
: 
<4 





ae ny 


PHOTO— COURTESY KAISER COMPANY, INC. 


36° Blooming Mill | 
Designed and Built by MESTA | 


MESTA MACHINE COMPANY, PITTSBURGH, PA. 
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cIVE DEFINITE 


It is no longer necessary for crane users to 
turn to direct current when they want maxi- 
mum crane hoist performance. It is no longer 
necessary to put up with costly, troublesome 
load lowering brakes on alternating current 
crane hoists. Cutler-Hammer Engineers have 
solved this problem... the problem of get- 
ting 5 stable selective speed points—both 
hoisting and lowering; full dynamic braking; 
accurate inching; timed acceleration in both 
directions and timed deceleration for spot- 
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ting a load ... all on alternating current. 


This new Cutler-Hammer AC Crane Control 
can be used with any standard slip ring 
crane motor and is available in drum type 
manual and magnetic types. Specify this 
outstanding engineering development for 
your next crane. Write today for full infor- 
mation. CUTLER-HAMMER, Inc., 1269 St. Paul 
Avenue, Milwaukee 1, Wisconsin. Associate: 
Canadian Cutler-Hammer, Ltd., Toronto, Ont. 


Control engineering ingenuity solved the 
long-stending problem of how to get crane 
performance on alternating current. This con- 





trol panel of standard C-H units does the 


job with a standard AC motor. 


Engineering Excellence finds its Greatest Reward 
in the Respect and Confidence of those it Serves 
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Slitting and Side-Trimming Equipment 
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Aetna-Standard makes many sizes and types of slitting and side-trimming equipment, 
also combination side-trimmers and multiple slitters 


THE AETNA*STANDARD 


ENGINEERING COMPANY 
YOUNGSTOWN, OHIO 


ASSOCIATED COMPANIES: 
to the Steel, Non-Ferrous HEAD, WRIGKTSON & COMPANY, LIMITED, THORMABY-ON-TEES, ENGLAND 
and Chemical industries. JOMN INGLIS COMPANY, LIMITED, TORONTO, GHTARIGO, CANADA 
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3 ‘tai, Sataey Side of United 
Unitemper Mill. 


Left—-Entry Side of United 
Unitemper Mill. 
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* Simplest Mill Arrangement to Produce 
All Commercial Degrees of Temper Hardness 
* Permits Standardization of Ingot Analysis 
* Produces a Flatter Strip with 
Better Cold Forming Properties 
* Produces at Lower Costs 


This mill resembles somewhat in appearance a conventional 4-high mill. 
/ It employs in a single housing two pair of processing roller and tension- 

/ ing units disposed vertically with respect to one another and between 
which the strip is processed by stretching, the strip passing in a circuitous 
path around these units. This stretching is accomplished by regulation 
of the differential in speed between the upper and lower roller tension 
units. In the mill the strip is reduced continuously in a sequence of 
operations consisting of rolling, stretching, and again rolling, the major 
portion of the reduction being accomplished by stretching and the 
processing being varied as required to secure different degrees of hardness. 

UNITED UNITEMPER MILL utilizes the principle of work-harden- | 
ing or tempering by continuous stretching. The resultant product, 
uniformly cold-worked throughout its entire thickness, conclusively | 
shows superior cold-forming properties as well as meeting all accepted | 
physical standards. ! 

All commercial degrees of hardness can be made with one pass | 
through the UNITEMPER MILL, using one grade of rimming steel. | 
Standardization of ingot analysis, with its attendant economies, is there- ! 
fore possible. 

The UNITEMPER process, which embodies all of the essentials of | 
continuous stretcher leveling, produces an extremely flat product. 

Extremely low rolling pressures, as compared with conventional | 
4-High Temper Mills, permit use of UNITED Alloy Iron Rolls instead 
of more expensive forged steel rolls. This, plus savings resulting from | 
standardization of ingot analysis, and savings due to a simpler in- | 
stallation, make the UNITEMPER process extremely attractive from a 
manufacturing standpoint. 

To manufacturers of tinplate, autobody sheets, furniture stock, stainless 
steel panels and other specialties, in anticipation of demands for hard- 
rolled steel with better cold-forming properties for many fabrications, 
the revolutionary advantages of UNITEMPER will be apparent. 

UNITED engineers will gladly furnish complete information includ- 
ing data based on mill production records. 


* Process and apparatus patents pending. 


UNITED ENGINEERING AND FOUNDRY CO. 


PITTSBURGH, PENNSYLVANIA 
Plants at PITTSBURGH - VANDERGRIFT - NEW CASTLE - YOUNGSTOWN - CANTON 


3 Davy and United Engineering Company, Ltd., Sheffield, England 
#6. 7.04. Dominion Engineering Works, Ltd., Montreal, P.Q. Canada 
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THE ELECTRIC C 


2698 EASTH 79TH STREET 


Designed to lift the coil, not the hole. 
No mass of metal over the hole and no 
concentric pole shoes limiting the flux 
path in the coil. Instead, this modern 
magnet combines compactness and 
small weight with lifting ability dis- 
tributed within the coil itself. 

Its advantages for finished coil han- 
dling are: 

1. Magnetic flux concentrated in the 

coil to be lifted. 


2. Balanced load—less danger of in- 
jury to bottom of coil when depositing 
coil. 

3. Magnet is smaller than other coil 
handling magnets, weighs less. 


4. Magnet does not hide the view of the 
crane operator. 


5. Magnet fits the coil with minimum 

overhang resulting in increased stor- 
age capacity. 
Less damage to edges of coil because 
of wide pole shoes which span coil- 
turns and because weight of magnet 
is less and is evenly distributed over 
coil surface. 
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CALL IM THE 


FLUOR SPECIALIST NOW 


This summer’s operating records show 
what your water cooling requirements 
were during warm weather peaks. To be 
sure you maintain the efficiency of your 
Cooling Towers to meet next summer’s 
demands, let Fluor make this vital Main- 
tenance Check-Up during the colder 
months ahead while demands on your 
towers are lessened: 


Inspect decks and filling for sagging, ac- 
cumulation of foreign matter, loss of 
parts, etc. 


bd Inspect distributing system for scale, rust, 
clogging, leaks, loss of pressure, etc. 


. Determine quality and quantity of water 
flow. Look for rapid corrosion of metal 
parts and delignification in the wood. 


4a Check flow of effluent air for recycling 


troubles in mechanical draft towers. 


» Inspect ladders, handrails, stairs and walk- 
ways for signs of weakening. 


Inspect structural members including 
bolts and castings for cracks, breaks and 
other causes of failure. 


? Check motors, pumps, gears, fans, coup- 
lings and other mechanical equipment. 


FLUOR Maintenance and Repair Service covers ALL MAKES and TYPES 
of Cooling Towers. As manufacturers of Fluor Aerator and Fluor Induced 
Draft Cooling Towers, Fluor M & R Service is complete and economical. 


: FLUOR 


PROCESS PLANTS AND EQUIPMENT FOR THE OIL, GAS AND ALLIED INDUSTRIES 


THE FLUOR CORPORATION, LTD., 2500 S. ATLANTIC BLVD., Los ANGELES 22 « New York, Pittsburgh, Kansas City, Houston, Tulsa 
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Prove Billeteers will-— 





clean faster, better 
& at less cost than by 
any other method 
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(ENGINEERED FOR IMPROVED PRODUCTION ) 


WRITE FOR COMPLETE FACTS 
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STEEL EQUIPMENT DIVISION OF THE BONNOT COMPANY, CANTON, OHI 
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.-Cast Aluminum 


¢” Rotor Construction 
GIVES LONG LIFE TO 


Eesti y 


MOTORS 





Hundreds of Thousands of 
Pe SOON. _ Wagner Motors with Cast 
iittoes 40 16 $00-bp. oa % Aluminum Rotors have been 
le m@ §@€©=—_— built during the past 25 years 
and are giving perfect 
satisfaction. 


* 





Rotor for polyphase 


motors 5 to 30-hp. 
Rotor for polyphase 


motors '/s to 3-hp. 
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Wagner squirrel-cage rotors are cast under heavy pressure. Rotor for split-phase motors 
The aluminum completely fills the rotor slots and tightly “20 to Vaehp. and capacitor 
clamps the punchings. ae » motors '/s to 3/s-hp. 

The rotor bars and endrings make complete and intimate 

contact with the core-iron, facilitating heat-transfer and abso- 

lutely eliminating squirrel-cage vibration. 
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The squirrel-cages in all Wagner general-purpose motors are 
practically pure aluminum of high conductivity and ductility 
They successfully withstand the most severe service because 
they are not affected by repeated heating and cooling and 
they cannot vibrate. 


Rotor for shaded-pole — 
fan motors '/125 to '/30-hp. 


A specia! patented construction is used in the medium and 

larger sizes to reduce the load losses and increase the motor 
efficiency. 

The mechanical and electrical characteristics, inherent in cast 

aluminum rotors, have contributed in a large measure to the 

f reputation for quality and dependability estab- 

lished by Wagner motors for the past 50 years. 








“ay Write for complete literature 


These Branch Offices are Ready to Serve You— 
ATLANTA + BOSTON + CHICAGO «+ CINCINNATI +» CLEVELAND + DALLAS 
DENVER + DETROIT » HOUSTON + INDIANAPOLIS - KANSAS CITY + LOS 

o ANGELES + MEMPHIS + MILWAUKEE + MINNEAPOLIS « NEW YORK » OMAHA 
SS SSS SS SSS eee eee PHILADELPHIA + PITTSBURGH + PORTLAND + SALT LAKE CITY - ST. LOUIS 
SAN FRANCISCO + SEATTLE + SYRACUSE + TULSA » WASHINGTON, D.C. 


Each of these offices is manned by trained field engineers ready to help you 
solve your motor-drive problems. 


“-"9""sepnerens 
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WasgnerElectric rporation 


ESTABLISHED 1869! 


6483 Plymouth Avenue, St. Louis 14, Mo., U. S.A. 
ELECTRICAL AND AUTOMOTIVE PRODUCTS 
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How to 





The job of accurately straightening 6”x 6” angles or equiv- 
alent shapes is made easy when you have a Birdsboro 
structural shape straightening machine in your mill. This 
machine is equipped with eight straightening rolls, four 
top and four bottom, each driven. In addition, a patent roll 
end adjustment permits quick and convenient regulation 
from the outside while the machine is in operation. Indi- 
vidual vertical adjustments of top rolls are also possible 
by means of hand-operated worms and gears. 


Birdsboro specializes in building steel mill equipment for 
heavy-duty work, and is ready to help you with your specific 
problems. Write us today for further information on our 
services. 


BIRDSBORO STEEL FOUNDRY AND MACHINE COMPANY, BIRDSBORO, PA. 


STEEL MILL EQUIPMENT 
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Accurately Straighten 
6" x 6° or Smaller Angles 
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CHICAGO WORKS, East Chicago, Indiana 
PITTSBURGH WORKS, Coraopolis, Pennsylvania 


WHEELING WORKS, Wheeling, West Virginia 
WARWOOD WORKS, Wheeling, West Virginia 
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CAST STEEL MILL HOUSING 
WEIGHT 260,000 POUNDS 


Continental Products — 


Carbon and alloy steel castings ... Carbon steel, alloy 
steel rolls... Iron and alloy iron chill rolls ... Rolling 
Mills and steel plant equipment. . . Special Machinery. 


CONTINENTAL 














The World's EN GaSMUtd 3 


e@ Drafted for service in World War I. 
three of these 336 ton 90’ O” span cranes 
now have a service record of 27 years 
without furlough. 

When the present world conflict called 
for increased facilities to equip our forces 
with the necessary armament, it was only 
logical that Alliance would be asked to 
furnish exact duplicate cranes, as the 
maintenance record showed practically no 
repairs during their many years of service. 

Five of these lifting giants are now car- 
rying the war loads for Uncle Sam. 

These cranes have multiple drums, high 
speed lowering on the auxiliary hoist, and 
are designed for a lift of 100 feet. 


+ 


Ladle Cranes * Gantry Cranes ¢ Forging Manip- 

ulators ¢ Soaking Pit Cranes ¢ Stripper Cranes 

Slab and Billet Charging Machines * Open 
Hearth Charging Machines 





THE ALLIANCE MACHINE CO. 
ALLIANCE, OHIO 


PITTSBURGH, PA., OFFICE — 1622 OLIVER BLDG. 
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Mesta Flying Shear Installed in an 
80-inch Continuous Hot Strip Mill 


The flying shear of this continuous hot strip 
mill entrusts its heavy operating loads to 
Torrington Roller Bearings. Built to take the 
around-the-clock punishment imposed by the 
high speed operation of this modern strip 


steel cutter, these high capacity bearings pro- 
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vide the necessary accuracy in shearing so 
that edges are clean and lengths are cut within 
specified tolerances. 

Today, Torrington Bearings are helping 


to ease the work of many types of steel mill 
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equipment in roughing breakdown mills, 
rolling mills and continuous hot strip mills. 
The broad experience of Torrington engi- 
neers is available in designing and manuv- 
facturing bearings “‘tailored’”’ to fit your 


specific requirements. 


THE TORRINGTON COMPANY - BANTAM BEARINGS DIVISION 
SOUTH BEND 21, INDIANA 


TORRINGTON BEARINGS 


STRAIGHT ROLLER TAPERED ROLLER NEEDLE BALL 
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Number 7 of a Series: “Looking at the 5 essential things you never see in electrodes!” 
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DEMAND 


A BASEBALL PITCH can win a game. Coal-tar pitch can 
affect an electrode. Both kinds of pitch demand con- 
trol! We control our kind of pitch and the other raw 
materials, throughout the many steps required to 
make them ready, to blend them, and finally to con- 
vert them into tough electrodes for duty in your elec- 
tric furnaces. 

At National Carbon Company, this rigid program 
of manufacturing control helps to make your ‘“Na- 
tional” carbon and “Acheson” graphite electrodes 





The words “National” and “Acheson” and the 
“National” and “Acheson” Seals are registered 
trade-marks of National Carbon Company, Inc. 
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uniform in strength and electrical conductivity . . . it 
has also been instrumental in steadily cutting the 
average price of electrodes— approximately forty per 
cent for graphite since 1922. 

But manufacturing control is just one of the “‘five 
essential things you never see,” but should demand, 
in electrodes. The others: Manufacturing experience, 
raw materials selection, customer service, and con- 
tinuing research. “National” and “Acheson” elec- 
trodes have all five. Your inquiries are invited. 





KEEP YOUR EYE ON THE INFANTRY ... THE DOUGHBOY DOES IT! 
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LEWIS PILOT MILLS are precision in- 7 y 
struments for conducting accurate research work on 

the many problems encountered in the rolling of } ) \| | \ 
ferrous and non-ferrous metals. ) r Y 
At a minimum of capital risk you can now compile | | 
invaluable data on rolling techniques required for 


the new alloys of steel, aluminum, magnesium, brass, 
copper, zinc, etc., through laboratory trials on this | y 


versatile pilot mill. It is capable of rolling Channels, 









Z-Bars, Angles, Strip Sheet, Plate, Rounds, Wires and for 


Squares. Experimental Rolling 
of Flats and: Shapes 


CHANNELS = ANGLES 
\\ 


S= 


STRIP SHEET 


SQUARES 


Learn just how the Lewis Pilot Mill will help your 
laboratory work — how it will help you prove your 
rolling processes prior to full-scale rolling mill invest- 
ment... Write us today for new Catalog No. 1990. 


LEWIS FOUNDRY & MACH 


DIVISION OF BLAW-KNOX CO 
a Me ee ee ee 









ere in the pitiless glare of the white-hot 
hearth, blast furnace tuyeres and copper 


castings must prove their mettle. 


Here only the best can meet the test. Only supreme 


stamina can withstand this withering trial by fire. 


For seventy years N-B-M has kept step with the pro- 
gress of the steel industry, perfecting new and 
tougher alloys to meet more exacting needs. Our 
extensive experience is your guaranty of satisfac- 


tion when you specify 


N°-B°M 
BRONZE AN D- 
COPPER CASTINGS 


Blast Furnace Copper Castings * Roll Neck Bearings 
Slippers * Housing Nuts * Machinery Castings 
Acid Resisting Castings * Phosphorized 

Copper °* Babbitt Metals : 





NATIONAL BEARING 


Va ee ened a el o-Galel, 
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ST. LOUIS*NEW YORK 


PLANTS IN: ST. LOUIS, MO. + PITTSBURGH, PA. » MEADVILLE, PA. » JERSEY CITY, N. J. + PORTSMOUTH, VA. + $T. PAUL, MINN. + CHICAGO, lit. 
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Production and Fabrication of Steel... 


through the entire cycle from mining to 


Ppa, 


The oxy-acetylene processes shown here—flame-cut- 
ting, flame-cleaning, flame-gouging, welding, and 
hard-facing—are a few of the many Linde processes 
that are important in the entire cycle of steel. In 
iron mines... in mills where steels are made. . . in 
fabricating shops...even in scrap yards where worn- 
out equipment is prepared for further service . . . 
Linde developments help to speed production and 
lower costs. 

In this mine maintenance shop, for example, the 
equipment is kept in good operating condition by 
the use of some of these Linde processes. The 


scrapping, LINDE METHODS are important 


portable oxy-acetylene cutting machine used here 
to reclaim a worn locomotive wheel is also used to 
produce steel shapes from stock steel. 

There are other Linde methods to help maintain 
production . . . methods for hard-facing parts such 
as dipper teeth . . . for gouging out cracks in castings 
to prepare them for welded repair. . . and for flame- 
priming structural steel and plate to make paint 
last longer when it is applied. 

In the next three pages you can learn more about 
the use of Linde-developed processes in the mass- 
production of steel and things made of steel. 


DETROIT Py) 


3LIC LIBRARY 





LINDE Metalworking Methods 


MECHANIZED HOT-SCARFING — The removal 


of surface defects from semi-finished steel once entailed remov- 
ing the hot steel from the production line . . . allowing it to 
cool . . . treating it to make defects visible . . . or chipping out 
these defects . . . and then reheating the steel for further 
processing. Today, through use of Linde equipment, mecha- 
nized batteries of oxy-acetylene blowpipes located on the roll 
tables literally “skin” faulty surfaces from the hot steel . . . and 
higher yields of quality steel are obtained without interruption 


; of production. 
Furnace-Tapping —By use of the 
oxygen lance to clear the tap hole, 
the opening is quickly made for molTt- 
en iron or steel to pour from the 
furnaces. 


a 


Deseaming — Where mechanized Mechanized Cold-Scarfing Billet-Cutting — Flame-cutting ma 7) Unie 
conditioning of steel is not feasible, —Some special steels, such as slabs of chines developed by Linde are used matic 
or for secondary conditioning, Linde’s armor plate, are allowed to cool be- in the production line to cut billets 7 high- 
manually operated flame - scarfing fore scarfing by Linde machines that and bars to length quickly, several “thick 
equipment is used. move along the slab. pieces at a time. p 
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Unionmelt Welding—Linde’s auto- 
matic electric welding process makes 
high-quality welds in steel of any 
thickness at unusually high speeds. 





s| ... Save Time and Materials 


——— te] e 


L | 
; 


wr 


MECHANIZED FLAME-CUTTING — For shaping 


steel in the fabrication of industrial machines and equipment 
oxy-acetylene cutting is effecting important savings, both in 
time and in materials. The oxy-acetylene flame quickly and ac- 
curately slices through steel in straight lines, circles, or irregu- 
lar shapes ... work that otherwise would require massive ma- 
chines. Linde engineering skill has helped adapt this “knife 
that never dulls” to high-speed work like the flame-planing 
of ship steel shown here. In one operation plate edges are 


trimmed to exact size and beveled like this gape for welding. 








Flame-Hardening — Oxy-acetylene 
flames, followed by a water quench, 
impart a hard, wear-resistant case to 
surfaces of carbon or alloy steel parts. 


Tube-Welding-—In making welded 
tubing, edges of steel strip moving at 
high speeds through forming rolls are 
joined by oxy-acetylene flames. 


Flame-Spinning — Tubing heated 
by oxy-acetylene flames while spun 
rapidly can be quickly end-formed to 
eliminate deep-drawing operations. 
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LINDE METHODS help to complete the 


cycle of steel and things made of steel 











| 
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: 
On the three preceding pages you have seen how steel to pieces of the right size for charging into : 
Linde-developed processes and equipment speed furnaces for the production of new steel. During ~ 
the production of steel and things made of steel. . . this work; many usable parts and steel sections can 7 
from the mining of ore through all phases of fabri- be salvaged for reclamation by welding and put . 
cation. When steel products have served their useful back into service. F 
life, oxy-acetylene processes help to complete the In whatever way you may work with steel it is ‘ 
steel cycle. Flame-cutting with manually operated likely that Linde engineering skill can help you . ; 
blowpipes is a fast and economical way to reduce adapt the oxy-acetylene flame to your operations. ; 

The folders shown at the left tell the story of the use of 

Linde methods in SHIPBUILDING, in STEELMAKING, in METAL- $ 

FABRICATING, and in the production of Pipe. Copies will be 
sent to you upon request. Ask for Combination “B”. g 
: 


2 Re" 
ets 


MARITIME “M” AWARD 
FOR OUTSTANDING 
PRODUCTION ACHIEVEMENT 








THE LINDE AIR PRODUCTS COMPANY 


Unit of Union Carbide and Carbon Corporation 
30 E. 42nd St., New York 17, N. Y. [8 Offices in Other Principal Cities 


In Canada: Dominion Oxygen Company, Limited, Toronto 
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Long gear teeth in 
sleeve prevent hub from 
disengaging 





Clearance between 
sleeve and hub permits 
free end float 





Two tapped holes in 
each hub facilitate as- 
sembly and removal 





All steel construction 





Durable, flexible, oil- 
resistant packing re- 
tains oil inside the 
coupling and excludes 
dirt, grit and moisture 





Safety flange with 

countersunk holes for 

fitted bolts and self- 
locking nuts 


Gasket prevents oil 
leakage 





Accurately generated 
external and internal 
gear teeth 





Spherical contour of 

hub teeth permits free 

sliding and rocking 
motion 





load cushioned by oil 
film between the gear 
teeth assures quiet 
operation and long life 





Machined bands on 
each hub facilitate 
accurate alignment 





Oil supply replenished 
through either of two 
plugged holes 


FOR STEEL MILL APPLICATIONS 


The Farrel Gearflex meets every requirement of a 
flexible coupling. It compensates for angular, 
offset and combination misalignment of shafts; 
offers no hindrance to axial float; is simple to in- 
stall, easy to align, and can be disconnected with 
ordinary tools without endwise movement of 
either shaft. There are no elements to wear or 
break under normal usage. Sealed to retain oil, it 
is dust-proof and moisture-proof. 


oe 


Here is shown the extreme 
range of sizes of the Farrel 
Gearflex Coupling—the 
huge 20” with the little 2” 
on top. 
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A small quantity of a few sizes now carried in 
stock—rough bored—await your order, subject to 
prior sale. Write for quotations. For complete 
description, send for a copy of Catalog No. 443. 


FARREL-BIRMINGHAM COMPANY, INC. 
ANSONIA, CONN. BUFFALO, N. Y. 


Plants: Ansonia and Derby, Conn., Buffalo, N. Y. 
Sales Offices: Ansonia, Buffalo, New York, Pittsburgh, Akron, 
les Angeles, Tulsa, Houston 


Maximum Rough Stock Bore—Iinches 


Bore in One Other 
Inches Half Half 


1 
1/4 11/4 
1 
2 


25/8 1 
3 1 
FRUAL) 2 
4i/4 2 21/2 
43/4 3 3 
51/4 4 3 
6 3/8 5 31/2 
71/2 6 ~ 
8! 7 5 
91 8 6 
10 9 
10 8 
11 9 
LB 
13 
15 
17 
































itioned. 
d accurately position 
fae. interchanging of motors, eth yo 
: : end shields, and reversal of gre pong 
| more quickly accomplished. 


obtained without forcing. Bearing align- 


ment is insured, sedi jig-fixture uniformity 


| war pe 

| pests in machining, drilling, and baie? 
| a Tri-Clad motor frames on Pr 
| Site of man-hours of insta 


servicing. 





End shields ore easily rotated 
for inverted motor . 


JIGS AND FIXTURES OF ADVANCED DESIGN 
MEAN CLOSE FITS IN 7R//CLAD MOTORS 


DN 


Specially built production equipment, as 
well as test apparatus, helps build Tri-Clad 
motors with close fits and clearances. Here, 
all bolt holes in the frame are drilled in a 
single operation within a rigid fixture that 
insures accurate positioning. In the finished 
motor, this results in more accurate shaft 
alignment, smoother operation, longer bear- 
ing life. General Electric’s high-volume 
motor production permits tooling up for 
high precision without increasing the cost 
to you. General Electric Co., Schenectady 5, N.Y. 








Frame-drilling opera- 
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GENERAL SS ELECTRIC ‘*/S442 
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Buy all the BONDS you can—and keep all you buy. ” 
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Building up ; This 85 ton ladle.was shop-fabricated os a Salvage as well as maintenance is aided by 
casing by bronze welding. Airco No. 100 needed replacement by standard welding and — flame methods, Here an Airco oxygen lance 
bronze electrode is highly recommended for _— flame cutting methods. It is 20% lighter than is used te break up a large open-hearth fur- 
ee of this kind. , riveted ladles, and has greater load capacity. nace spill for remelting. 





HESE are only a few of the ways in 
hare modern welding and cutting 
methods — and Airco quality materials — 
are providing important aid in wartime 
mill maintenance. In view of the continu- 
ing scarcity of new and replacement parts, 
every steel mill maintenance man will 
want to use these versatile and economical 
methods wherever possible. Your nearest 
Air Reduction office will gladly send a 
representative to consult with you on your 
special maintenance and repair problems. 
Call or write today for full details. 

If you would like to receive free copies of 
an interesting booklet “Welding Aids Mill 
Maintenance”, write to Dept. 

IS; at the New York office. 

* BUY UNITED STATES WAR BONDS x 

















Shear blades of 45 to 50 carbon steel are made 
to outlast ordinary shears by hard-surfacing one 
cutting edge (shaded area) with Stoody No. 6, an 
alloy which retains high hardness even at red heat. 


Roller guides hordfaced with Stoody No. 6 alley 
(on the shaded areas) give more than double the 
length of service of guides not similarly treated. 


* + 


























Qf! | 


Sulphate scraper blades of this type used in by- 
product coke plants are made to last three times 
as long as untreated blades by applying a thin 
coat of Stoody hard facing alloy. 


“FIGHT INFANTILE PARALYSIS JANUARY 14th — JANUARY 31st” 





Arr REDUCTION 


General Offices: GO EAST 42nd STREET, NEW YORK 17, W. Y. 
Jn Texas: MAGNOLIA AIRCO GAS PRODUCTS CO. - General Offices: HOUSTON 1, TEXAS 
Offices in all Principal Cities 
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Dual-FueEL 
BURNING SYSTEMS 
FORGASANDOW | 
. with ‘either gas or oil are produced by the 


Series 113 Burners. They are desirable MAXIMUM EFFICIENCY WITH 
for vast coverage, for fewer burners and EITHER FUEL— designed espe- 
for uniformity of flame temperature. s. . 

cially for gas and for oil. 


SWITCH FUELS INSTANTLY — 
no change required in piping 
or burner inserts. 


AUTOMATIC FUEL-AIR PRO- | 
PORTIONING — one air valve d 
controls the fire of one or a 
battery of burners regardless of 

the fuel being burned. 


WRITE FOR WIDE TURNDOWN RANGE— ‘| 


DESCRIPTIVE no “flash back” possible. 
LITERATURE 





- LUMINOUS OR LONG FLAMES 






ad 


~Ag 
a 


SHORT FLAMES [_ 
ore produced by the Series .| 
221 Burners. These. burners \ — 
provide a highly stable and 
efficient fire, using either gos 
or oil, They are recommended 
wherever heating in a rela- 
tively small space is required. 

















THE NORTH AMERICAN MANUFACTURING COMPANY 


MANUFACTURERS OF INDUSTRIAL FUEL SURMING SOUIPMENT POR GAS O8 OIL 
BRANCH OFFICES with FIELD ENGINEERS io PRINCIPAL CITIES 


CLEVELAND 4, OHIO 
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MOTOR-DRIVE IS 
MORE THAN POWER 





CLEAN BILLETS at 20 TIMES 
THE SPEED OF HAND CHIPPING 


Bonnot Billeteers in leading steel plants are realizing 
the full advantages of Reliance Motor-drive by 
delivering clean billets at 20 times the speed’ of 
hand chipping. Equally important is the fact that 
this is being done faster and at a lower cost than 
by any other method. 


The Bonnot Billeteer is a good example of modern 
production machinery in the steel industry, calling 
for a wide diversity of motor applications. The 
efficiency with which this machine performs its 
various functions demonstrates the many things 
which may be accomplished through proper appli- 
cation of electric motor-drive. 


A talk with a Reliance Application Engi- 
neer about this and other Reliance instal- 
lations will prove to your satisfaction 
that Motor-Drive Is More Than Power. 


RELIANCE ELECTRIC & ENGINEERING CO. 


1088 ivanhoe Road . Cleveland 10, Ohio 
Care pa chipper et i vies » Birmingham * Boston ¢ Buffalo * Chicago * Cincinnati * Detroit * Greenville (S. C.) 
— - to’ wh provectiO Houston * Kalamazoo * Los Angeles * Minneapolis * New York * Philadelphia © Pittsburgh 
ie) 
shy k ov Portland (Ore.)* St. Louis * San Francisco * Syracuse * Washington, D.C. * and other principal cities 


s exce 
hout 
. force: ventilar 


RELIANCE*5: MOTORS 
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the GO Primer of 
PREPARED 
ATMOSPHERES 
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A booklet that com 
into handy form 


the information that | 
mill heater \& 


should have at his 
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| YR At lt Tries ts Ait 


ae Combustion research in the 
use of gases for atmospheres in the heat treat- 
ment of metals, has made possible metallur- 
gical results of such significance that it 
goes far beyond the mechanical details of 
furnace construction. 

Today, with the use of Surface Combustion 
RadianteTube Heating Elements and Prepared 
Atmosphere Generating Units metal surfaces 
are preserved, including both high and low 
carbon steels and non-ferrous metals. There 
are atmospheres to prevent decarburization 
of steels, and also for recarburization in case 
the carbon has been removed by an earlier 
operation. There are surface hardening at- 
mospheres of a number of kinds, and atmos- 
pheres for producing specific effects upon 
metal surfaces. 

In addition to these surface treatments, 
recent developments have shown marked 
effects of small amounts of gases within the 


physical structure of metals. Some of these 
gases are retained from the melting operation 
and some are entrapped during heat treat- 
ment. Some gases cling tenaciously to a metal 
surface just short of chemical union, while 
others are readily driven off into the sur- 
rounding medium. It is desirable to eliminate 
harmful reactions between metals and gases, 
and to develop superior metallurgical prop- 
erties here-to-fore unknown. Gas quenching 
and dry pickling are recent outstanding 
Surface developments embracing the science 
of gas chemistry and heat treating, that have 
been industry proven. Other major develop- 
ments are in the making. 

Surface believes that great advancements 
in metallurgical treatment will come from the 
application of gas chemistry...that many post- 
warheat treating problems will beapproached 
from new scientific angles that will give su- 
perior results at new low production costs. 
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COMBUSTION - 
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SURFACE TOLEDO 


WHEREVER HEAT IS USED IN INDUSTRY 
---FROM INGOT TO FINISHED PRODUCT 






















9 


OHIO 






















Steel mill engineers want ruggedly built, quality 
cranes for every department. They know that 
little else can so delay production as a faltering 
crane. 

For this reason large numbers of all-welded 
Cleveland Cranes are serving the steel industry. 
Regardless of span or capacity they are heavily 
constructed to stand the gaff. 


THE CLEVELAND CRANE & ENGINEERING CO. 
1131 EAST 283 nw St. WICKLIFFE .OHIO 


CURVELAND GRANES 


Mopern Att-Wetpeo Steer Mitt Cranes 





LTHOUGH the German counter-offensive has 
caused many casualties and has disrupted our 
plans, perhaps it was necessary to shake us loose from 
our growing over-confidence. One thing sure, Von 
Rundstedt seems to have put the quietus on talk of 
early conversion and civilian production. 


& 
» ad salvage drives — for tin and waste paper — 


must be intensively carried on for some time. The 
drives for used fats and for old rags must also con- 
tinue, although these items have become somewhat 
less critical. All indications at present, however, point 
to 1945 as a year of shortages, and WPB has issued 
many new orders and amendments designed to fur- 
ther conserve tin, lead, carbon steel scrap and many 
other items. 

= 


T least $100,000,000 has been already added to 
the cost of the war by differing standards — 
screw threads is one example — according to William 
L. Batt. 
a 


RECENTLY printed pamphlet, “The Revolution 

Was,” written by Garet Garrett and published 

by The Caxton Printers, Ltd., Caldwell, Idaho, should 

be required reading for every citizen of the United 

States who believes and desires a free system of com- 
petitive, private enterprise. 


a 


B ITUMINOUS coal production for 1944 approxi- 
mated 622,000,000 tons, 37,000,000 tons above 
the 1943 record, and accomplished with a reduced 
labor force. 
A 


YROLLS in the steel industry reached $1,700,- 
000,000 in 1944, according to Walter S. Tower, 
president of the American Iron and Steel Institute. 
And despite record production, net earnings of the 
steel companies are expected to total approximately 
$170,000,000, about 20 per cent under 1943 profits. 


= 


T is estimated that absenteeism in munitions indus- 
tries, excluding sick leave, paid vacations and 
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strikes, will total 115,000,000 man-days during 1944, 
or more.than eleven days per worker. 


~ 


the testimonial on a recent radio pro- 

gram plugging soap, wherein a man was quoted 
as saying ‘I stoke a blast furnace at Weirton Steel,’’ 
is a tip on a new process. 


a 


F you add 10,980,000 automobiles, 10,500,000 

refrigerators, 6,042,000 washing machines, 6,- 
351,000 vacuum cleaners, 16,755,000 electric irons, 
7,923,000 toasters, 41,000,000 radios, 82,380,000 
clocks and watches, 10,400,000 furnaces and heat- 
ers, 14,010,000 stoves and ranges, you have quite a 
bill of goods — but that is OPA’s estimate of some 
civilian needs at the end of 1944. The automobile 
industry feels that it can build 6,000,000 new cars in 
the first 12 months of unrestricted production, and 
25,000,000 in the first 5 years. 


- 


SURVEY made by the Coordinator of Inter- 
American Affairs indicates that post war ex- 
pansion of Mexican industry will open a $986,000,000 
market for machinery and equipment from the 
United States. 
* 


CCORDING to a Bureau of Mines report, forcing 

gas and air into underground oil reservoirs (one 

method of secondary petroleum recovery) has brought 

a 30 per cent increase in production from some of the 

wells in Illinois fields from which most of the oil 
obtainable by primary methods has been extracted. 


“ 


T is when we forget ourselves that we do things for 
which we are remembered. 


a 


ARKETED production of natural gas in 1943 

was 3,414,689,000,000 cu ft, 12 per cent 

above the 1942 figure. This was used by 10,353,870 
domestic and 811,090 commercial consumers. 


* 


]SRBAss strip is reported to be a “‘must’’ item in 

quantities exceeding brass mill capacity by 
about 15 per cent, and the steel industry may again 
be called on to plug the gap. 


he 


ee to estimates made by F. W. Dodge 
Corporation, construction activity in the United 
States during the first 12 months after the day when 
most controls on materials and manpower are relaxed 
will probably approximate that of 1938, which was 
more than 50 per cent above 1944. 


‘ a 


1D) cae 1944 the airdraft industry brought its 
production to a peak monthly rate equivalent td 
100,000 planes per year. It is estimated that this is 
5 times the German production rate and nearly 
8 times that of the Japanese. 
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ONE OF 


ineria’s Biggest 
is 100% 


ON HOT AND coLp mitt | “S 


Wherever there’s a bearing on hot and cold 
mill work and back-up roll necks and on 
drives, cranes, tables, coilers, etc., of this huge 
installation, there’s an SLC /F Spherical Roll- 
er Bearing. 


That’s where rolling alignment eliminates 
bearing binding while compensating for 
shaft deflections, distortions or weave— 
where high bearing capacity and low friction 
are ever-present ... where tonnage goes up 
and stays UP. 


Another good illustration of the big swing 
to SXLSIP’s for the machines that make ma- 
terials for other machines. 5719 


SHS INDUSTRIES, INC., PHILA. 34, PA. 
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Duralumn Mills 


BUILT BY 


UNITED 


ENG’G & F’/DRY CO. 


2-66" Single Cold Mill 
Stands 


112” Reversing Hot Mill 


120” Reversing Hot Mill 


80” Five-Stand Tandem 
Hot Mill 
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ENGINEERING CO., Inc. WARREN, OHIO 






Subsidiary Company 
THE BRODEN CONSTRUCTION CO. 
CLEVELAND, OHIO 


Associate Companies 
LEE WILSON ENGINEERING CO., 
INC. 
CLEVELAND, OHIO 


THE McKAY MACHINE CO. 
YOUNGSTOWN, OHIO 


a FLINN & DREFFEIN CO. 

exo a CHICAGO, ILL. 

’ THE HALLDEN MACHINE CO 
THOMASTON, CONN. 


THE WEAN ENGINEERING CO. 
OF CANADA, LTD 
HAMILTON, ONT 





SPECIALISTS IN 
SHEET, TIN & STRIP [——— | 
MILL EQUIPMENT | © YE {1 : 
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MES R. SCOTT,* Production Manager 
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* Moore Rapid Lectromelt Furnaces are 
built in a wide range of standard sizes 
from 100 tons down to 25 pounds capacity. 
Almost all of the Lectromelt furnaces in- 
stalled during the past few years have .@ 
been of the top charge type. The top 
charge feature offers many advantages.'g 
such as greater output due to decreased “'4 
charging time, lower power and refrac- 
tory costs, increased production per man 34 
hour and many others. Especially large 
pieces of scrap can be charged readily,,“4 
and light fluffy scrap can be charged to 3 
shell height with a drop bottom bucket. In '¥ 
some of the very large sizes—frequently | 
arranged for installation on an open-4 
hearth platform—a door charge furnace : 
may be used with the charging being han- #4 
dled by an open-hearth charging machine. :} 
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PITTSBURGH LECTROMELT }.<1. 


PITTSBURGH 30, PENNSYLVANIA 


The following tables list some pertinent data on the 
various sizes of Lectromelt Furnaces: 





A size ‘’KT” 
Lectromelt top 
charge furnace with 
roof rotated, ready 
to be charged by 
a drop bottom 
charging bucket. 
This is one of the 
heavy, steel mill 
type furnaces. 










TABLE I. These larger ca 
pacity furnaces are of the h 
mill type and are generally used for ingot peeduction.”” ae 

















Lectromelt | Nominal Size Sh i 
r ell Nominal Capacity] 
se of Heat Diameter of Substation " 
75-100 Tons 20’—0” 
rt 60-75 Tons 19’0” 13000 — 
ps 50-60 Tons 18’—0” 12,000-15,000 kva 
ir 40-50 Tons 17° —0” 10,000-12,000 kva 
ur 30-40 Tons 16’—0” 8,750-10,000 kva 
NT 25-30 Tons 15’'—0” 7,500 - 9,375 kva 
or 15-20 Tons 12’'—-4” 7,500 - 9,375 kva 
8-12 Tons 11‘—0” 6,000 - 7,500 kva 














TABLE II. The Lectromelt furnaces list 


ally used in foundry work 
are used in ingot shops f 
tool steel. 


ed in this table are gener- 
but many of these smaller furnaces 
Or pouring billet size ingots or for 


























*On acid practice or single slag basic practice. 


**The furnaces are so construc 


mands, especially large hea 


Lectromelt | Usual Hourl Usual Si i i 

Size ProductionRave of Heat 7 a = 

OPT 4’ Tons 8-9 Tons 3,000-3,750 kva 

PT 3 Tons 56 Tons 2,000-2,500 kva 

CQT 2 Tons 32-4 Tons 1,000-2,000 kva 

QT 1% Tons 242-3 Tons 1,200-1,500 kva 

RT 1 Ton 2 Tons 800-1,000 kva : 

ST 1,000 Pounds | 1 Ton 400- 500 kva 

1 500 Pounds | 1,000 Pounds}  300- 375 kva t 

250 Pounds 500 Pounds 200- 250 kva : : 

$ 
i 





ted that, when the occasion de- 


t , . 
excess of the “usual” heats listed. as aan ay & 


TABLE Ill. The Lectromeit furnaces listed in this table are in- 


tended primarily for laborator 
y and ex 
furnaces are for operation from a cingle phase supply 7 











Lectromelt Laboratory Sizes | Usual Size of Heat | KVA Rating 
V 200-300 Pounds 100 
VW 100 Pounds 100 
W 50 Pounds 50 
X 25 Pounds 37.5 
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A IN the manufacture of most cold-reduced strip for 
such purposes as tin plate, auto-body sheets, furniture 


}stock, stainless steel panels, etc., a necessary production 


step is the temper rolling or skin rolling operation. Its 
usual position in the production cycle is after the 
sequence of hot rolling, pickling, cold reducing and 
annealing, and its purpose is to produce a flat 
strip of specified gauge, hardness or temper, drawabil- 
ity, ete. 

In the manufacture of tin plate, for example, because 
of the thinness of strip used — from .007 in. to .011 in. 
—and the large amount of cold reduction involved — 
from, say, .078 in. to .010 in. (80 to 90 per cent) — it 
is necessary that the cold rolling be carried out with 
the use of rolling oils to maintain rolling pressures and 
powers at reasonable values. Then, since no oil may be 
tolerated on the final product on account of staining 
and interference with proper tinning (either hot dip or 
electrolytic), an electrolytic cleaning operation is re- 
sorted to, prior to annealing. It is therefore evident that 
the temper rolling itself must be carried out dry, i.e., 
without benefit of rolling oils or coolants, to avoid the 
necessity for another cleaning operation. 


As a consequence, even though the reductions in- 


Presented before A. |. S. E. ANNUAL CONVENTION, Pittsburgh, Pa., Sept. 25-27, 1944 
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....two years of operating experience on the first instal- 


lation of this new mill design have borne out the results 
of experimental investigations .... the product has defi- 
nitely different characteristics, while operating economy 


has been attractive... . 






by M. D. STONE, MANAGER 


DEVELOPMENT DEPARTMENT 
UNITED ENGINEERING AND FOUNDRY COMPANY 
PITTSBURGH, PENNSYLVANIA 






volved are only of the order of from 2 to 5 per cent 
(sometimes as high as 10 per cent for extreme tempers) 
it is impractical to take such a reduction in a single pass 
through even a heavy duty 4-high temper mill. In the 
tin can industry there is a customary range of “‘tem- 
pers,” from T-1 to T-6, and sometimes higher for special 
cases. In Figure 1 are shown the usual ranges of hard- 
nesses corresponding to those tempers and the corre- 
sponding number of passes usually required by con- 
ventional 4-high mills. The several tin plate producers 
modify this practice somewhat to fit plant conditions. 
In some cases, to get the higher hardnesses and to 
permit less reduction on the mills, the chemistry of the 
steel is modified from the usual “rimming steel” specifi- 
cations to rephosphorized bessemer, and even to dead- 
killed steels. 

In following either of the above procedures, i.e., multi- 
stand rolling or utilizing special chemistry steel, con- 
siderable cost is involved. In the latter case, the cost 
arises from the necessity of processing different steels 
and stocking them, rather than from any inherent cost 
differences themselves. In either case, the rolling mills 
involved are of heavy 4-high construction. Both the 
rolling pressure, as measured in pounds per inch of 
width, and the rolling power, as indicated by hp-hr 
per ton, are higher in the usual temper rolling operation 
than in either hot rolling or cold rolling for comparable 
reductions, and as a rule despite far greater reductions. 
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TEMPER No. eo: a :" nme ron 
T-I 46/52 | 
T-2 48 /o4 ; 
T-3 54/0 
T-4 5864 2 
T-5 eg 2To3 
T-6 4459 3 

















Figure 1— Usual relations between temper 
hardness numbers and mill passes. 


numbers, 


As round average figures — cutting across all varia- 
tions in rolling practice as to temperatures, speeds, 
tensions, roll sizes, lubricants, etc. — hot mill practice 
involves pressures of from 45,000 to 60,000 Ib per inch 
of width, and cold strip mill practice ranges from 60,000 
to 80,000 Ib per inch of width. Temper mill practice, 
while considerably lower for heavier gauges and lighter 
reductions, ranges from 65,000 to 90,000 Ib per inch 
of width for tin plate gauges, and in some cases has 
exceeded 100,000 lb per inch. 

As to rolling power or energy, the energy per ton in 
a usual hot strip mill reducing mild steel from, say 6 in. 
to .060 in., corresponding to an average reduction of 
99 per cent, will vary between 50 and 70 hp-hr per ton, 
with a possible maximum of around 10 hp-hr per ton 
per pass, say on F-7, taking about a 35 per cent reduc- 
tion. For cold reduction from 0.078 in. to 0.010 in. (87 
per cent), the overall energy consumption will vary 
from 100 to 120 hp-hr per ton, with a possible maximum 
on perhaps the third or fourth pass of about 40 hp-hr 
per ton per pass when taking around a 40 per cent 
reduction. For temper rolling, for example from 0.0100 
in. to 0.0095 in. (overall reduction of 5 per cent), the 
total energy consumption will vary around 15 hp-hr per 
ton and higher, requiring two passes. From the above it 
is seen that, per mill, hot rolling requires about 1% hp- 
hr per ton for each 1 per cent of reduction; cold rolling 
about 1 hp-hr per ton for each 1 per cent of reduction; 
and in temper rolling the figure is as high as 3 hp-hr 
per ton for each 1 per cent of reduction. It is thus 
obvious that the temper rolling operation has been the 
most difficult strip-rolling operation with which we have 
had to deal. 

Prior to the war an investigation as to the possibilities 
of performing the tempering operation by tension- 
stretching the strip, as contrasted to rolling, was 
initiated. A great deal of skepticism had to be met, 
particularly as to the possibility of tensioning strip at 
high speed and at stresses above the yield point with- 
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out tearing the strip frequently and so making nothing 
but scrap. 
The first step was to study more thoroughly the 


phenomena associated with stretching above the yield | 


point of wide, thin sheet. General information was 
available, of course, on the stress-strain relations and 
accompanying cold work characteristics of low carbon 


steel, as is provided by the conventional tension test | 
pieces. And there was also some information available | 


on the behavior of sheets as stretched for flattening 


purposes in the well known stretcher leveler. Neverthe- } 


less, a series of tests was carried out in which sheets f 


were stretched to varying degrees, from 4% per cent to | 


20 per cent, with varying thicknesses, varying widths, 


varying stretch lengths, varying pretreatments (such as 5 


roller leveling, prerolling, etc.) and various post-treat- 
ments. The sheets thus stretched were investigated for 
grain structure, longitudinal vs. lateral mechanical 
properties, relation of hardness to ductility, aging 
(accelerated, as takes place in hot-dip tinning), nature 


of surface (as it might influence subsequent electro- | 


plating or coating techniques), flatness, etc. Possibly 
most important of all, tin cans — both sides and tops — 
were made from these sheets. The results of these pre- 
liminary tests were extremely interesting and promis- 
ing, and opened up new avenues of thought and develop- 
ment. 

In order to determine the behavior of the sheets being 
stretched, a special gripper was made to be fitted into 
one jaw of a conventional stretcher leveler (96 in. span) 
to enable spans of as little as 6 in. to be obtained. The 
most detailed series of tests was made on dead-soft tin 
plate stock .010 in. thick in widths of 6, 12, 24 and 32 in., 
varying the spans to obtain 6, 12, 24, and 36 in. in each 
case. Figure 2 shows schematically the type of gripper 


heads used and the test results. From these tests it is | 


Figure 2— Test arrangement and test results of sheet F 


stretching. 
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.cen that a rough rule may be established — that as long 
as the stretch span remained shorter than 34 of the 
width, “‘guttering” did not take place. For material that 
was thicker, or prerolled (even 14 per cent) or roller 
leveled, greater spans could be used without failure. It 
was noted, however, that where the sheets did not 
gutter, they usually failed in the grips at elongations in 
some cases as low as 9.5 per cent and in other cases as 
high as 20 per cent, but it was realized that these grips, 
particularly the fixed grip, were poorly designed from 
the point of view of preventing local failure, due to 
deeply knurled gripper heads to prevent slipping, ete. 

This phenomenon of “‘guttering” is one of consider- 
able interest, and a complete series of tests is under 
way to study its incidence as a function of sheet thick- 
ness and other dimensions, type of material, etc. It 
might well be characterized as “‘tensional buckling,” in 
that laterial instability sets in under longitudinal tension 
stresses when such stresses exceed the yield point by 
certain amounts. 

Contemporaneous with these earlier sheet tests, 
experiments were planned and carried out to evaluate 
the feasability of continuous stretching. Two types of 
equipment were tried: an uncoiler and reel combination 
(by dummying through a mill), and an uncoiler-entry 
tension unit pulling against a reel-delivery tension unit 
(also dummying through a mill), as shown in Figure 8. 
Generator-type tachometers were connected to the 
uncoiler and reel billy rolls in the first case, and to the 
tension-unit top rolls in the second case. Many coils 
were run through at speeds of 100 to 200 fpm with sur- 
prising ease, even though the control of speed differ- 
ential was entirely manual. In anticipation of strip 
tearing, initial coils were side-trimmed, but immediately 
thereafter, side-trimming was discontinued, as rolled 
edge coils showed no special tendency to tear except 
where definite edge cracks were present to begin with. 
In order to assist in producing coils with essentially 
constant elongation, a differential voltage system was 
used, as shown in Figure 3a. By presetting resistance 
Rg, say, 10 per cent greater than Ra, the speed of the 
delivery reel B was increased, while entry reel A was 
delivering power back into the power system, till the 
voltmeter shown read zero. At this point, we knew 
we were stretching the strip exactly 10 per cent. Our 
surprise was great in finding how easy it was to do this. 

These experiments showed that the long span over 
which the strip was being stretched caused guttering 
and ultimate creases in the steel, which tendency was 
somewhat mitigated by interposing intermediate de- 
flector rolls. They showed, as well, that under such 
conditions the strip decreased considerably in width as 
well as thickness — something that was naturally ex- 
pected. However, in the arrangement (a), for an elon- 
gation of 10 per cent, the widths decreased by almost 
4 per cent (say 1)¥ in. in 28 in.), whereas in case (b), 
where the strip was restrained laterally to a greater 
extent at each end of the stretch length, the decrease 
in width was considerably less, but still present. In each 
case the decrease in width took place gradually over 
the stretch length, forming a sort of wedge shaped strip. 
In those cases where dead-soft annealed coils were used, 
stretcher strains were very apparent in the coiled strip, 
with slightly remanent effects still visible even for the 
higher elongations. This latter condition was, to some 
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extent unexpected, based on some laboratory tests 








that were made on a standard tension testing machine. 

Several strips of tin plate about 2 in. wide and about 
10 in. long in three conditions (a) as annealed; (b) 
annealed and roller leveled; and (c) annealed and 
temper rolled 6 per cent were pulled varying amounts 
ranging from 4 per cent to 12 per cent. These are 
shown in Figures 4, 5 and 6. In the case of temper rolled 
material there was no evidence at any stage of any sur- 
face distress, only an almost imperceptible roughening 
up taking place. The roller-leveled sheets were not 
quite so free of surface deformations, which were more 
apparent at the lower elongations, but disappeared as 
stretching progressed. The annealed sheets, however, 
showed the now well known stretcher strains or ““Luders 
lines’’ — but only for the lower elongations. By con- 
tinued stretching, these distress patterns were entirely 
eliminated, leaving only a rougher surface still uniform 
in appearance. 


This phenomenon of “‘pulling through the yield point 
elongation” was touched upon by Winlock “® in dis- 
cussing various aspects of stretcher strains as they 
affect the deep drawing qualities of automobile body 
sheet. In tracking down this matter, it was found that 
the faster the strip was stretched, the greater the yield 
point elongation, as illustrated in Figure 7. Two tests 
were made at widely different speeds, one at .0046 in. per 
minute velocity of the movable head (corresponding to 
.002 in. per minute, or 1/5 of 1 per cent per minute rate 
of strain — about a 2.3 in. stretch length), and the 
other at 2200 times this speed (at 10.1 in. per minute, 
or 440 per cent per minute). In the first case, the yield 


Figure 3— Types of continuous tensioning mills used in 
preliminary tests. 
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Figure 4— Surface conditions at various stages in ten- the | 
sioned strip previously temper rolled 6 per cent. (above) elon; 
at tl 
Figure 5— Surface conditions at various stages in ten- rn 
sioned strip previously roller leveled. (above right) jen 
Figure 6 — Surface conditions at various stages in ten- exall 
#@ sioned strip which was dead soft annealed. (below) redu 
rolle 
quen 
: point elongation was 3 per cent and in the second, @ mate 
13 per cent. It is clear, therefore, that if the desired 9% elon; 
physical properties required an elongation of 5 per cent, 7 shov 
the stretcher strains would disappear if the elongation % pre-t 
were carried out slowly, but would remain if elongation J to e 
were carried out rapidly. Of course it is appreciated as @ large 
‘ well that the physical properties in the two cases would 7 In 
(4 conceivably be different. It is to be noted also that the 7% for 1 
if yield point is far greater at the higher rates of stretching, “J the 
| ae whereas the ultimate stress and total elongation are stret 
’ little affected. A possible explanation of this inter- and 
: relation of increased yield point stress, keeping ultimate plat 
E stress and total elongation constant, is indicated in be in 
Figure 7(b). Now, in uni-tempering, even at speeds as toa 
low as 200 fpm and for elongations of 5 per cent, the test: 
rate of strain exceeds 10 per cent per second, so that it 
became evident early in the development and design 
of the mill that other means of eliminating stretcher 
strains or preventing them from occurring were neces- 
sary. 
It had been determined fairly early in the study of 
the behavior of sheets for deep drawing that the forma- 
tion of stretcher strains was intimately connected with 
the existence of yield point elongation ™. In fact, it 
was even proposed that the depth of surface depressions 8 
involved in the stretcher-strain pattern was directly ly 
proportional to the percentage of yield point elongation. < 
It must be kept in mind that these phenomena are ") 
observed only in low carbon steels, and most objection- 
ably in the fully annealed or “‘dead-soft’’ condition. 
This, of course, is the condition in which the strip finds 
itself just prior to tempering. It is further known that a 
quenching treatment would reduce the yield point 
elongation greatly, if only temporarily. Slight cold 
reduction would definitely eliminate this phenomenon, 
and attendant stretcher-straining. A quantitative study = 
40 IRON AND STEEL ENGINEER, JANUARY, 1945 IRQ 
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f this effect was made by Hayes and Burns “ and 
they developed an interesting relation between size of 
work roll and the required reduction (or elongation) by 
rolling necessary to eliminate a given amount of yield 
point elongation. For instance, it was found that a 
4 per cent yield point elongation could be suppressed by 
reducing the strip only 0.8 per cent on a 4 in. diameter 
work-roll mill, while 2.0 per cent reduction was required 
on a 26 in. diameter work-roll mill. These are significant 
facts, and are of considerable interest. Referring to 


© Figure 8, it is the writer’s view that it would take a 4 per 
® cent elongation, by pure stretching, to suppress a 4 per 


cent yield point elongation. And further, even in rolling, 
a 4 per cent working is undoubtedly still required near 
the surface. These facts seem to inglicate that a 4 in. 
diameter roll, producing an average elongation of 0.8 
per cent, may actually involve a 4 per cent working of 
the surface. This means differential cold working across 
the thickness of the strip, a phenomenon to be elab- 
orated on later. The data would further indicate that 
the large diameter rolls (26 in.), requiring an average 
elongation of 2 per cent to accomplish a 4 per cent value 
at the surface, involve less differential cold working. 
The effect of roller leveling on stretcher strains is less 
definite, and of a shorter duration. It is known, for 
example, that the yield point elongation is never quite 
reduced to zero by the alternate bending involved in 
roller leveling, but usually enough so that the subse- 
quent drawing involves elongations that pull the 
material through the remaining curtailed yield point 
elongation range. Thus, we see the necessity for the tests 
shown in Figures 4, 5, and 6, as guides to the proper 
pre-treatment to be provided for in a commercial mill 
to employ the Uni-temper process, and to meet the 
largest variety of conditions. 

In seeking to discover the most practical construction 
for the Uni-temper mill, serious thought was given to 
the incorporation of a roller leveler into a continuous 
stretching mill, but for the strip speeds contemplated, 
and with the small diameter of the rolls required for tin- 
plate gauges, rotational speeds of over 2000 rpm would 
be involved. There were apparent objections, of course, 
to a machine as simple as the one used in our preliminary 
tests, as illustrated in Figure 3a. The heavy radial 
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Figure 7 — Effect of speed of stretching on mechanical 
properties of low carbon steel strip, and possible in- 
terpretation (after Winlock). 
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Figure 8 — Illustrating the cold work effect in eliminating 
yield point elongation. 
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pressures imposed on the reels (which must be made 
collapsible for rapid coil handling) as the coils build up, 
as well as the scratching tendencies as the strip is coiled 
while stretching, ruled out this construction. The more 
likely arrangement indicated in Figure 3b had objec- 
tions with respect to scratching on the top tension 
rolls, as well as not permitting a short enough stretch 
span to prevent guttering, especially for the narrower 
widths. Detailed consideration of many other possible 
constructions led to the arrangement that was finally 
adopted. This is schematically illustrated in Figure 9. 
Here we see essentially two 2-high mills built into the 
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Figure 9 — Preferred arrangement of Uni-temper mill. 


same housing, the top[mill having its roll setting con- 
trolled by a conventional screwdown, and the bottom 
mill having its roll setting independently set by a screw- 
up. The bottom roll of the top mill and the top roll of 
the bottom mill are fixed in spatial position, and are the 
driven rolls. The extreme top and bottom rolls are idle, 
being driven by frictional contact with the strip only. 
The strip enters between the top pair of rolls and 
wraps around what we have called the No. 2 roll (count- 
ing downward) then around the No. 8 roll, and then 
through the bite of the bottom pair of rolls. By this 
arrangement, the free span of strip between mills where 
the greater part of the elongation is constrained to take 
place, may easily be kept between 10 in. and 15 in., 
which is well within the limits dictated by the early 
tests for usual minimum tin plate widths. By virtue of 
the strip wrapping around the driven rolls, No. 2 and 
No. 3, they serve to act as tension multipliers as well 
as to roll the strip slightly, so that, whereas the tension 
in the strip is slightly above the yield point in the stretch 
gap, it is reduced to hardly more than half this value 
at the exit point from the top mill or at the entry point 
to the bottom mill. This is important. 

The function of the second or lower 2-high mill, in 
addition to its functions as the pulling pair of rolls and 
tension multiplier, is to also perform a slight rolling 
operation, to burnish the strip as a base for subse- 
quent bright electroplating, etc. However, if the stock 
is to be subsequently vitreous enamelled, this second set 
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of rolls may be deliberately roughened by sand blasting 7 


or the like, as the slight roughening or loss of lustre 


accompanying the stretching operation is not sufficient 7 
for this purpose. It is to be understood that the rolls in 7 


the first stand may be sand blasted, as well. 
An important consideration in the design of the mill 


is the matter of control between the two mills, and while | 
the principle involved calls for the tension stress to he | 
above the yield point (and of course controlled to he 7 
constant, at will), the method of gaining this objective 9 


is preferably by controlling the elongation. At least 


three types of drives were seriously considered in this 


connection: the change gear drive, the differential gear 


drive, and the all-electric drive. The first arrangement 7 


contemplates a pogitive geared connection between the 
two driven elements of the two mills, and involves, for 


the purpose of obtaining various tempers, a series of | 


change gears, possibly 9 or 12. The driving motor in this 


case would be relatively small, since it would necessarily | 


supply only the difference in power being transmitted 


through the two drive spindles. The accuracy of control | 


would be of the closest. There would be a lack of flexi- 
bility of control in this arrangement, however, which is 
not present in the differential gear drive or the all- 
electric drive. The differential drive would involve a 
differential gear connected between the two main 
spindles, but for infinite flexibility of control, two 
electric motors would be involved — the main drive 
motor and the differential motor. In addition, an elec- 
trical control system would be involved to maintain 
accurate rotational relationship between these two 
motors to get accurate temper control. The somewhat 
smaller mechanical drive than in the first case — al- 
though still large for a differential mechanism — would 
be offset by the increased cost of the additional motor 
hp involved, as well as the control. 





For the first installation, which was necessarily a 
proving installation, the greatest possible flexibility 
was desired. As built, the mill differed somewhat from 
that shown in Figure 9, mainly to permit modifications 
if necessary; it was built with the all-electric drive. 
While still recognizing it to be a pilot installation, a top 
speed of 3000 fpm was chosen to fully explore its possi- 
bilities. Based on getting the highest hardness desired 
in tin plate in one pass through the mill, a maximum 
elongation of 12 per cent was provided for. Based on 
stretching the strip at the maximum speed and for the 
highest tempers, a tension stress in the strip of better 
than 50,000 psi was used. Rolls, with diameters of 24 in. 
maximum, wearing down to 22 in., were settled on, 
equipped with film type bearings; both iron and steel 
rolls were furnished with the original installation. 
Following to a large extent the conventional practice on 
temper mills, entry and delivery tension roll stands were 
furnished, each roll being separately driven and elec- 
trically interconnected with the theoretically best load 
division. A regenerative type uncoiler and collapsing 
reel and belt wrapper completed the auxiliary equip- 
ment. The matter of automatic threading was very 
satisfactorily worked out by providing guides, as indi- 
cated in Figure 9, which control the strip passage 
through the mill without manual assistance, once 
started. To aid in rolling the strip in the top mill during 
the entering stages, an anti-crimping roll assembly, 
pneumatically retractable, was subsequently installed. 
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Figure 10 — Operator’s side of Uni-temper mill. (above) 













steed Figure 11 — Delivery end of Uni-temper mill. (right) 
se two || Figure 12— Entry end of Uni-temper mill. (bottom right) 
newhat 
p — al- 
would The matter of the proper motor selection, particularly 
motor @ for the main drives, had to be made with no precedent 
to fall back on. It was appreciated at the outset that the 
arily a little reduction required in the first mill would involve 
‘ibility so little power that not only would a driving motor not 
t from be necessary — but that the motor would have to 
‘ations generate, after the threading period, in order to provide 
drive. enough resistance to the forward motion of the strip to 
, a top stretch it above the yield point. The pulling units, then, 
possi- were the reel, the delivery tension stand, and the lower 
lesired or No. 2 mill, with the reaction being furnished by the 
imum combination of No. 1 mill, entry tension rolls, and un- 
ed on coiler. Accordingly a 1500 hp, 300/600 rpm motor 
or the | was used for the No. 2 mill, direct driven, and a 500 hp, 
better » 250/500 rpm direct driven motor (generator) for the 
94 in. No. 1 stand. The tension rolls were also direct con- 
1d on. nected, the entry rolls being connected to 50 kw and 
| steel 100 kw generators, respectively, with the delivery ten- 
ation. §y sion rolls driven by 150 hp and 300 hp motors. The 
ice on || Uuncoiler heads were furnished with two 25 kw gener- 
3 were ators, and the reel with a 150 hp, 150/600 rpm direct 


-elec- J connected motor. Figures 10, 11, and 12 show the oper- 


t load ator’s side and the delivery and entry ends of the mill, 
psing and give a clear idea of how this installation was made. 
quip- Since all motors act together during the threading stage, 
very the Ward-Leonard motor generator set capacity fur- 
indi- nished was 1250 kw. An excellently worked-out control 
ssage system for automatic control of the relative speed of 
once the two mills permitted elongation control at maximum 
uring operating speeds of 1/10 of 1 per cent. Such accuracy, 
nbly, of course, was not maintained at lower speeds nor 
alled. during the accelerating and decelerating periods, but 
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eminently satisfactory control was to be had for all 
operating conditions. It must be said at this point that, 
while this first pilot installation met our best expecta- 
tions, the next installation will be altered in some 
several details, so as to facilitate roll changing, to 
improve coil handling, and to balance better the elec- 
trical loads. 

This mill has now been in operation about two years, 
and although the war impeded its start and delayed its 
further development, a great amount of experience has 
been gained, a great many expectations confirmed, and 
a large number of “‘bugs’’ worked out, both as to mill 
operation and product. For this, we acknowledge 
the courage of the Republic Steel Corporation for in- 
stalling this new type of mill, and we are indebted to 
them for great assistance in working out the problems 
attending the use of such new equipment. 

The operational characteristics of the mill presented 
many new and interesting problems. Although it was 
anticipated, as already said, that perhaps the strip 
might have to be side trimmed ahead of the mill — say 
in the electrolytic cleaning line — this was found very 
early to be unnecessary. In fact, many coils with actual 
cracked edges have gone through the mill, and come 
out with only accentuated cracks, not torn through. 
This has amazed most operators who have witnessed 
the operation, being familiar with the continual break- 
age of strip in tandem rolling, when inter-stand tensions 
begin to approach 40,000 psi even though still below 
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the yield point, as must be the case in such a mill ar- 
rangement. This is in a large measure, or perhaps 
entirely, due to the method of elongation control 
adopted, i.e., controlling the relative speed of the mills 
to produce constant elongation rather than attempting 
to control tension as such. Thus, as a crack progresses, 
since the elongation is maintained constant, the tension 
decreases to such a point that the growth of the tear is 
arrested until the strip is through the mill and onto the 
reel. Another factor that undoubtedly enters is the short 
time that the strip is being stretched — only 1/30 sec, 
at top speed. Of course, the sheet cut from the strip 
containing the tear is scrap, but from the production 
point of view, a cobble has not resulted. 
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Figure 13— Strip width at various points in passage 
through the Uni-temper mill. 


Many of the results obtained were as expected, based 
on the preliminary studies. No cases of guttering or 
longitudinal corrugations have occurred, because of the 
short stretch span utilized. In learning to operate the 
mill, all combinations of mill settings, tension settings, 
etc., were tried out. It was learned, for instance, that if 
the No. 1 mill were set too lightly, stretcher strains 
would form that were not pulled through in the stretch- 
ing operation. At the high rates of elongation used (up 
to 300 per cent per second — some 40 times the highest 
value checked by Winlock), it was clearly expected that 
this would be the case. Moreover, if No. 1 mill were set 
too heavily and the rolls were accordingly contoured to 
obtain flat strip, then diagonal edge scratches resulted, 
occurring primarily near the bite of the rolls. Normally, 
the roll settings in the two mills are such as to give 
about 4 of 1 per cent reduction, made by passing sheets 
through the stands. These values are increased some- 
what when strip is being rolled through, due to front and 
back tension on either side of the mill bite. Thus, if a 
7 per cent total elongation is to be obtained in the final 
uni-tempered product, from 6 to 6% per cent is by pure 
stretch and the remainder by rolling in the two stands. 

In order to get an accurate understanding of how the 
mill operates, strip has been stopped in the mill by 
pushing the emergency button, stopping the strip, 
going at say 200 fpm, in a matter of 2 feet. The mill 
rolls were then opened, the strip removed, and a picture 
such as shown in Figure 13 obtained. The length of the 
stretch span was easily recognized by the section in 
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which the width change was entirely confined except 
for the slight spreading corresponding to the roll bites 
proper. The change of width was gradual from one end 
of the stretch span to the other, which, as is to be ex- 7 


pected, is somewhat longer than the free span. This is % 


explained by the short distance around the roll in which / 


the tension drops down to a point below the yield point. ~ 


It is seen, therefore, that the strip, in passing through | 
the Uni-temper mill, passes through three distinct” 


plastic working stages, separated by two elastic stages. 


For instance, a 30 in. wide strip, .010 in. thick, being | 


elongated 7 per cent, will reduce in width to 29%% in. | 


and in thickness to 0.0095 in. — a 2 per cent reduction ” 


in width, and a 5 per cent reduction in thickness. We | 


wish to point out here that, in any plastic operation, 7 


constant volume is maintained, and for small changes, 
per cent change in length + per cent change in width 
+ per cent change in thickness = 0. Thus, in operating 
the Uni-temper mill, proper allowance is made for this 
narrowing when planning for a desired final slit width 
of strip. 

One of the original matters of concern was what 
would happen at the top speed of 3000 fpm. As is well 
known, the higher the speed of cold rolling, the higher 
the strip temperature and hence, the roll temperatures, 
unless adequate cooling is provided — and in a temper 
mill, this is not possible. The mill, therefore, was run at 
high speeds until thermal equilibrium was reached, and 
then stopped quickly, and a temperature traverse taken 
across the face of the roll. This showed only 90 F in the 
middle of the roll (hand warm), increasing to about 
125 F near each end of the roll body. This extremely low 
temperature is because of the low power consumed in 
uni-tempering strip, and it is thus evident that there is 
no limit to the speed at which such a mill can be run, 
at least from the thermal point of view. Actually an 
interesting circumstance developed because of this low 
heat generation in the roll bite. Even with the low loss, 
film type bearings now in common use on high speed 
mills and applied in this unit, the mass oil temperature 
leaving the bearings will reach 140 F when entering at 
say 100 F or so. In starting up the mill, therefore, if the 
rolls were contoured (be it ever so little) correctly for 
the initial conditions, over-rolling of the edges would 
result as the mill warmed up, i.e., as heat generated in 
the film bearings flowed into the roll necks and in- 
creased the roll diameter near the ends. This condition 
paralleled what happened some fifteen years ago in cold 
mills, when anti-friction bearings replaced grease- 
lubricated brasses and alleviated a similar condition. 
In this case, the difficulty has been obviated in two 
ways: by using lighter lubricating oils going into the 
bearings at lower temperatures, and by providing gas 
jets for heating the roll eenters as the mill comes up to 
production. Probably only the latter is necessary. 

A word might well be said here concerning the flat- 
ness of the product obtainable with this type of mill. 
Since its fundamental principle might be called that of a 
continuous stretcher leveler, the possibilities presented 
are immediately apparent. All that is required is a 
slight contouring of the rolls to compensate for the low 
pressure used, principally in the starting-up condition, 
and extreme flatness can be obtained. The possibilities 
of this mill, operated for the specific purpose of continu- 
ous leveling, gives real promise in other fields, such as 


IRON AND STEEL ENGINEER, JANUARY, 1945 


rie 





a rat Y 


ENERGY ABSORBED ( HP Hres,/Tow ) 


Figt 


for 
for 
T 
a pi 
redi 
pres 
15,¢ 
3 
resy 
thes 
cha 
day 
wha 
occ! 
witl 
eli 
is al 


as | 
sign 
stuc 
reti 
sho 
cen 
tha 
vali 
tem 
hp- 
mill 
sect 
ing: 
pul 
per 
cur 
test 


IRO 








xcept 
bites 
e end 
e eX- 
his is 
vhich f 
oint. 
ough 
tinct 
ages, 
eing 
& in. ) 
“tion | 
. We 
tion, 
ges, 
‘idth 
iting 
this 
idth 






vhat 
well 
zher 
Ires, 
per 
n at 
and 
ken 
the 
out 
low 
1 in 
eis I 
un, 
an 
low 
oss, 
eed 
ure 
r at 
the | 
for J 
uld 
| in 
in- 
ion 
old 
se- 
on. 
wo 
the 
zas 
to 


at- 
ill. 
fa 
ed 
a 
OW 








25+ 


MULTIPLE Passes - 2H - 23,0102" TH. 


“——~ 20+ 

& — 

$ Xx SINGLE STAND - 20°x42°-.010" TH 

ed s+ “ 4 

3 

9 Oech STANO TANDEM 18°¢ 49"x42"-.0096" TH. 

< Sineie STAND - 14°t 32°x 42° -.0086"TH. 
0 

»> 

M PO SINGLE STAND 12" ¢ 33° x 26°-.0/07" TH. 

u , 

Ww 
5+ 











U 2 3 4 5% 6 7 8 9 W% Il l2 
% ELONGATION IN TEMPERING 


Figure 14— Energy consumption of various types and 
arrangements of temper mills rolling tin plate. 


for furniture stock, duralumin strip, etc., as well as 
for tinplate. 

The matter of bearings and rolls has turned out to be 
a particularly happy one. Due to the small amount of 
reduction actually taken in the mills proper, rolling 
pressures average around 20,000 psi, varying from 
15,000 to 25,000 psi. This, as is appreciated, is around 
4 to 4 of that met in usual temper rolling, and is 
responsible for greatly increased roll life. Because of 
these low pressures, cast iron rolls have an excellent 
chance of being the roll for the mill. In the starting-up 
days, steel rolls were preferred because of their some- 
what greater resistance to marking when accidents 
occurred, such as strip going through double, etc., but 
with more familiar operation, these objections are being 
eliminated and a further attractive saving in roll cost 
is already being shown by the introduction of iron rolls. 

The matter of the power required to Uni-temper, 
as compared to that required for rolling, is another 
significant point of comparison. Such a comparative 
study is shown in Figure 14. Examine first the theo- 
retical hp-hr per ton required to elongate strip as 
shown in the lower curve, and concentrate on the 5 per 
cent value, for instance. About 0.6 hp-hr per ton is all 
that is theoretically required. From the scattered 
values plotted from tests made on various types of 
temper mills, we see that values range from 10 to 20 
hp-hr per ton, revealing the low efficiency of temper 
mills as a class, around 4 per cent. Of interest is the 
second from the lowest curve, showing the power read- 
ings taken during the first continuous tests made, when 
pulling between reels. Values of the order of 1.7 hp-hr 
per ton at 5 per cent elongation are indicated. The 
curves marked Uni-temper show the average of many 
tests, and show first the power required by the mill itself 
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and then the total required by the mill plus uncoiling 
and reeling equipment, including all drive and electrical 
losses. Even this latter curve shows a power saving of 
from \% to 34 of that usually consumed. 

So far, nothing has been said concerning the products 
from the mill, but it is felt that here too a contribution 
has been made. In early photomicrographic studies,’ 
material that had been stretched 12 per cent was com- 
pared to other strip that had been temper-rolled but 
6 per cent. The examination revealed little or no grain 
elongation in the former case, whereas in the latter it 
was easy to detect the direction of rolling. It was antici- 
pated that this different method of cold working strip 
would result in quite different physical properties, and 
in this, tests on products from the mill have confirmed 
preliminary tests made on the early sheet product. 

In general, it can be said that the uni-tempered 
product reveals greater elongation or ductility for a 
given hardness than conventionally rolled tin plate. 
This means that the material combines the strength or 
stiffness required for can bodies (non-fluting, etc.) 
with the ductility required for can tops (drawability, 
etc.). Of particular interest are the desirable “‘spring- 
back” characteristics of the Uni-temper product. A 
comparison of longitudinal and transverse properties 
have shown that there is less directionality of properties 
than in rolled plate — and therefore less attention need 
be paid as to how the material is placed in the forming 
machinery. Added to all this, a large number of tests 
have shown that a different relationship exists between 
hardness (T-numbers), yield point, ultimate stress, per 
cent of elongation, Olsen, etc., than is the case for rolled 
tin plate, and it has been necessary for the producer to 
develop a new set of standards by which to judge the 
applicability of a given plate to a given product. 

Many tests were run to determine the percentages of 
elongation required to obtain certain tempers (T- 
numbers), since this is the most widely accepted method 
of classifying tinplate. And such tests included rephos- 
phorized steels and killed steels, as well as rimming 
steels. Although such a product is not generally accepted 
for cans, it has been demonstrated that not only T-4, 
but T-5 can be obtained in one pass through the mill, 
using rimming steel. 

Naturally, there has been considerable thought given 
to the explanation of the difference in properties be- 
tween strip cold processed in the two different ways. 
And there still remains more to be done. But we do 
know there is a considerable difference in the way the 
cold working is distributed throughout the thickness of 
the strip. This question has been controversial for some 
time, some people maintaining that the steel cannot help 
but be uniformly cold worked throughout, since each 
section is equally reduced. To throw more light on the 
matter, some years ago, a series of tests was subsidized 
at Massachusetts Institute of Technology ™, in which 
bars 1 in. x 1 in. were cold rolled through a pair of rolls 
in various ways (direct, reversing, using various reduc- 
tions, etc.) and the strain deformation studied by 
quantitative measurements of net work distortions 
scribed on the sides of the bar. The results of these tests 
showed that the shearing strains were always the 
greatest in the outside fibers of the bars, and since 
plastic flow is considered mainly to be a slip or shear 
deformation, we should expect the cold work effect to 
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Figure 15 — Sectional microstructures showing differential cold work in .010 in. strip which was temper rolled in 
conventional 4-high mill having 14.8 in. work rolls. 
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Figure 16 — Section microstructures showing differential Figure 17 — Sectional microstructures showing differential 
cold work in .010 in. sheet which was temper rolled in cold work in .010 in. strip which was tension tempered 
old fashioned 2-high mills. - in Uni-temper mill. y 
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be greatest on the outside. These tests, however, could 
not be considered to be conclusive in this regard, since 
the width of the bars was narrow with respect to the 
thickness and spreading would take place more at the 
outside in contact with the roll surfaces. 


Various attempts have been made to examine the 
cross-sections of tempered tin plate under a powerful 
microscope, but such visual examination has always 
been inconclusive. In an effort to follow through on 
this matter, several samples were submitted to C. S. 
Barrett, Carnegie Institute of Technology, for X-ray 
studies, but the patterns obtained were also inconclu- 
sive in this case, due to the amount of cold work and the 
grain size. He suggested, however, that a careful job of 
annealing at various temperatures might reveal any 
differential cold work, by appearance of preferentially 
recrystallized layers, based on the well-known effect 
of cold work depressing the recrystallization tempera- 
ture. Accordingly, strip taken from the same heat of 
steel and processed the same up to the temper stage, 
was tempered in three different manners: (a) on a con- 
ventional 4-high mill; (b) on an old-fashioned 2-high 
mill; and (c) by uni-tempering. Each sample was temper 
elongated about 7 per cent. Several samples of each 
were prepared and were annealed very carefully in a 
vacuum furnace to prevent oxidizing away the outer 
layers that were, particularly, to be studied. Various 
annealing temperatures were used, starting at 1000 F, 
and the material was held for two hours. Temperature 
steps of 10 degrees were used, requiring accurate furnace 
control. Especially careful etching and polishing tech- 
nique was used in bringing out the structure. 

Figure 15 shows several photomicrographs (300 X) of 
tin plate, temper rolled in the conventional 4-high mill 
having 14.84 in. diameter work rolls, and then annealed 
at 1120 F to 1260 F. The first picture shows the original 
structure just starting to recrystallize at the edge, and 
the last picture shows the entire section completely 
recrystallized. These pictures prove definitely the 
existence of differential cold work, the temperature 
range of 140 degrees being somewhat a measure of this 
variation. The lowest recrystallization temperature is 
also somewhat of a measure of the maximum degree of 
cold work. Figure 16 shows similar photomicrographs for 
strip tempered on 2-high mills, having 24 in. diameter 
rolls; on these samples the surface recrystallization 
started at 1120 F and récrystallization was complete at 
1230 F —a spread of 110 degrees. A comparison of 
these two indicates that the total amount of cold work 
was about the same in the two cases, but that the differ- 
ential amount was more for the 4-high mill with 
smaller work rolls — 140 degrees compared to 110 de- 
grees. These indications confirm the conclusions drawn 
from the data quoted earlier. This work is being ex- 
tended further to investigate the effect of a large range 
of work roll sizes and also the effect of tension, and will 
be reported later. 

Figure 17 shows uni-tempered tin plate, unaffected 
at 1240 F, but completely recrystallized through to the 
center at 1300 F, the actual range being about 50 de- 
grees. This picture strongly supports the early promise 
as to the quality of the product from the mill. 

In conclusion, something should be said about the 
economics expected from the mill, not considering the 
contribution from the quality of the product. As has 
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been said earlier, this initial installation was made to 
prove the process and the product, with provision for 
modifications as they might arise. Hence it was not 
designed primarily from the point of view of maximum 
production. Already, however, the average tonnage from 
the mill has reached 200 net tons per 8 hr turn, using 
coils weighing 6000 Ib. Certain improvements already 
under way to facilitate coil handling around the mill, 
roll changing, etc. should considerably increase this 
figure, not including the increase due to future larger 
coils. Already, production costs are attractively low, 
primarily due to the greatly reduced roll cost, decreased 
power cost, low maintenance cost, and reduced depre- 
ciation. The simplicity and compactness of the design 
is in itself a demonstration of the relatively low first 
cost. In the next mill, the production figures should go 
up and the costs still further down, not taking into 
account considerably higher strip speeds which are being 
seriously contemplated. 

It is felt that this development has made an aus- 
picious start, and like all such developments, must 
always be a joint effort of the machinery designer and 
builder working intimately with the user. 
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F. Mohler: Mr. Stone has presented a very com- 
plete and interesting paper in connection with this 
radically new type of temper mill. However, he devoted 
most of his discussion to the mechanics of the mill and 
the rolling process. I feel, therefore, that a few words 
in regard to the electric equipment will not be amiss. 

The very fundamental of this mill is the maintenance 
of very accurate speed relation between the two sets 
of mill rolls. As Mr. Stone has described, the majority 
of the reduction is obtained by stretching the strip 
between these two sets of mill rolls. Thus, if a 5 per cent 
elongation is to be made, it means that the first set of 

(Please turn to page 67) 
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CURRENT DEVELOPMENTS IN 


udustrial Lubricants 


...+. under the stress of war demands, de- 
velopments 





AIT is invariably true that during war time very 
rapid progress is made in almost every line of endeavor. 
During this time the demands are severe, the need for 
meeting these demands is at a maximum, and cost for 
the most part is relatively unimportant. The multitude 
of problems must be solved without regard to economics 
or other factors considered in peace time projects. This 
necessity of immediately getting the best. performance 
possible speeds up the entire development. It is true 
that this procedure requires substituting rapid tests 
that give indications of performance for the usual long 
time test methods but the emergency accomplishments 
justify the actions. 

The demands in the war effort have influenced lubri- 
cants along two important basic lines: first, the use of 
the necessary lubricants to keep in operation, as nearly 
continuously as possible, the equipment already in 
service even though greater demands were made on this 
equipment; second, the development of new or im- 
proved lubricants to meet the wide range of severe 
conditions encountered, particularly by the armed 
forces, in new equipment and new uses of equipment. 
Although both of the influences are important the 
second will undoubtedly have the greater influence on 
post-war products. Naturally there can be no sharp line 
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in lubricants have proceeded 


rapidly .... many of the improvements will 
be of assistance in improving the economy of 
post-war operations... . 


by G. F. BOWERS 


STANDARD OIL COMPANY OF INDIANA 


CHICAGO, ILLINOIS 


of demarcation, since products developed for a specific 
use are offered for other applications when the product 
characteristics indicate their worth for other problems. 

The research departments in the petroleum industry, 
like other research organizations, work continuously on 
a great variety of problems. For many reasons, much 
of their work never sees the light of day commercially; 
in other instances the products may be used in an ex- 
tremely limited way. There is, however, the basic knowl- 
edge of methods and characteristics, so that in times of 
stress and emergency, such as a war, these products can 
be brought forth, modified as necessary, and made avail- 
able for special uses. Under this system very few entirely 
new and radically different materials are offered com- 
mercially. Rather, because of the economics of the situa- 
tion or the changed requirements, it is a case of pro- 
moting a product from the laboratory to full scale 
commercial use. Many products which may have been 
heard of or used in a limited way will become widely 
used products in the future. 

Lubricants cannot be divorced from the method of 
application. It has been recognized for years that circu- 
lating systems and centralized automatic grease systems 
represent the best methods of lubrication. Currently the 
need for continuous operation, coupled with the man- 
power shortage, has resulted in a greatly increased use 
of automatic and semi-automatic lubricating systems. 
This change alone has resulted, in a great many cases, 
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in the necessity for using a lubricant with different 
characteristics. This change is more fundamental than 
merely changing the consistency of the lubricant to 
secure one that ‘can be dispersed easily by the lubri- 
cating appliance. An excellent illustration of this fact 
is evident when the method of lubricating roll necks is 
changed from the old hand packed method to a modern 
lubricating system. With the hand packed method one 
of the major problems was to have the grease stay in 
place so there would be some lubrication. With a lubri- 
cating system this requirement no longer exists and 
small amounts of lubricant can be applied as frequently 
as needed to give maximum lubrication with a minimum 
cost for the lubricant and for maintenance. It is there- 
fore possible to concentrate on the required character- 
isties of the lubricant for lubrication without modifica- 
tion because of the shortcomings in the method of 
application. Under these circumstances it is expected 
that a few products can be widely used, thus reducing 
the number of products needed in any given plant. 

For many years it has been recognized that the 
greases available fell far short of having the desired 
properties and, although there was progress, it was slow 
and did not as a matter of fact keep pace with the im- 
provements in oils. Soda soap greases were the recog- 
nized products to use where high temperatures were 
encountered. They were open to the objections that they 
were not suitable in the presence of water and were 
difficult or impossible to dispense at low temperatures. 
Lime soap greases, on the other hand, had good dis- 
pensing characteristics at low temperatures and good 
water resistance but were entirely unsuitable for tem- 
peratures above approximately 200 F. It was necessary 
to change the lubricant seasonally or accept inferior 
performance part of the time. Further, in those instances 
where one lubricant had to be used when both tem- 
perature and water were encountered, unsatisfactory 
performance of part of the bearings always existed. 
Naturally the grease manufacturers endeavored to make 
a high temperature, water resistant grease that had 
good low temperature dispensing characteristics. Rela- 
tively little progress was made until very recently. Both 
the Army and Navy found it increasingly essential to 
have greases that could be used through wider tempera- 
ture ranges. Airplanes based in steaming locations at the 
equator had to be lubricated with a product that would 
stay in at such temperatures and still function satisfac- 
torily at temperatures of approximately 60 F below zero 
during the long hours of flight. Navy vessels plying the 
oceans from extreme north to south presented problems 
of extremes of temperature outside the scope of either 
conventional lime or soda soap greases. These problems 
were solved by using greases which have the following 
important characteristics: 

1. High temperature properties in that they do not 
separate when heated to high temperatures and re- 
turn to approximately their original consistency 
when cooled. 

2. Dispensing or movement properties at low tempera- 
tures consistent with the viscosity of the oil used in 
the grease. 

3. Resistance to the action of water comparable to a 
lime soap grease of the same oil viscosity. 

4. Essentially the same consistency before and after 

working in an A. S. T. M. grease churn. 
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This type of product is available now to a certain 
degree and can be expected to be more popular in the 
future. It must not be expected that one grade of grease 
will be the panacea for all current ills. However, a few 
grades of this type with different oil viscosities and with 
or without extreme pressure characteristics will cover 
a multitude of applications. The field is broadened and 
the danger of complete misapplication essentially elim- 
inated. 


The stability, or resistance to oxidation, of greases is 
another property of great importance to both the manu- 
facturer and the user. Continual effort is made to im- 
prove the quality of the basic ingredients and thus im- 
prove the quality of the finished grease. Further, the 
search for better additives results in improvements. 
These improvements may be in the form of the same 
stability for a longer time, better stability for the same 
time or good stability covering a wider range of con- 
ditions. Such improvements are of direct value to the 
user. 


One of the most difficult problems encountered by the 
lubrication engineer is gear lubrication. This is true in 
all lines of industry but is particularly true in steel mills, 
where the danger of contamination with foreign material 
is so great. The scale, water, high normal loads and 
excessively high momentary loads complicate an already 
severe problem. In addition, the demand for increased 
output and changes in the characteristics of the steel 
invariably increase the demands on the gear sets after 
they have been designed for a certain output. These 
added demands place an added burden on the lubricant. 
Since more work is done the temperatures are higher and 
the viscosity of the lubricant at the new working tem- 
perature correspondingly reduced. Further, this higher 
temperature sharply increases the rate of oxidation or 
deterioration of the lubricant. These factors, therefore, 
have two important adverse effects: first, the amount 
of protection offered by the lubricant is less whether or 
not an extreme pressure condition exists because of the 
lower viscosity at the higher temperature, and second, 
the useful life of the lubricant is shortened because of 
the more rapid deterioration under the more severe 
operating conditions. Obviously one way to compensate 
for these adverse factors is to control the temperature 
of the lubricant within the range most desirable for the 
particular conditions; however, rarely indeed is it possi- 
ble to increase the amount of the lubricant through 
increased capacity of the reservoir, or to add a cooling 
unit to an existing installation. 

The trend has been, and undoubtedly will continue, in 
the direction of transmitting more power through 
smaller units. There are several reasons for this, some 
of them being: 


1. Improved quality of the steel. 

2. Increased gear strength secured by improved surface 
finish, shot blasting, etc. 

3. Lower cost of smaller power transmission set. 

4. Smaller space required for transmitting a given 
amount of power. 

These and the other factors resulting in the use of 
smaller units place added requirements on the lubricant. 
The manufacturers of the equipment recognize the 
problem and are making real progress in designs to give 
improved cooling, circulation, etc. 
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The manufacturers of lubricants are also keenly aware 
of their problems and can offer progress along three 
important basic lines: 

1. The day of the old style residuum material (so- 
called gear shield) for unenclosed gears is rapidly 
passing. Improved methods of application, such as 
spraying and special guns, have hastened the change. 
Products which are actually lubricants, that will 
carry greater loads, that will last several times 
longer and that greatly reduce the waste of material 
formerly poured on the floor or thrown off give 
superior performance in the form of greatly reduced 
maintenance and lubricant costs. Since they are ap- 
plied cold the cost, trouble, and waste involved in 
the old heating process are eliminated. 

2. The introduction of extreme pressure lubricants was 
one of the most important contributions ever made 
in the field of gear lubrication. These products have 
been in use for some years but improvements are still 
being made. The quality of the extreme pressure 
agents is improved and the number of them available 
is greater, so that lubricants with highly special 
characteristics can be available to meet particular 
requirements. Much has been done in this field and 
much more will be done in the future. 

8. The quality of the oil as used or as blended with other 
products to give the finished lubricant is extremely 
important. Improvements in the quality of the oils, 
particularly in the higher viscosity range make 
available products which are better able to withstand 
the rigors of the added requirements previously 
discussed. 

This paper would in no sense be complete without 
at least a brief mention of additives in lubricants. Addi- 
tives are essential to many modern lubricants and after 
the war will be used in increasing amounts for an in- 
creasing number of applications. These products are 
added for detergency, to reduce the pour point, to mini- 
mize oxidation, to prevent corrosion, to reduce wear, to 
change surface tension, to improve the viscosity index, 
or in other words impart to the lubricant many special 
properties to make it more suitable for a particular 
application and to permit the use of only one product 
for a greater variety of applications. After the war more 
and a greater variety of these materials will be used. 
While it is true that in some instances operating prac- 
tices must be changed, these changes are more than 
justified on the basis of the superior overall performance 
secured through the use of the special additive contain- 
ing lubricants. 


It is normal for refinements in the art of making oils 
to continue and the improvement in quality, particu- 
larly in oils in the higher viscosity range, will give oils 
superior to those used in the past. Such improvement 
will naturally raise the quality of the entire line of 
petroleum products. 


During the war the chemists and engineers have again 
proved the fact that no problem is too difficult to be 
solved and no task too difficult to accomplish. Synthetic 
oils, finished products resulting from controlled chemical 
reactions, now available in limited quantities will be- 
come increasingly important. These products have been 
scientifically made to have special properties. They have 
a good viscosity index, low pour point and essentially 
no carbon residue. For example, a product with a vis- 
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cosity of 150 SSU at 210 F would have a carbon residue 
of less than 0.15 per cent. These products will aid in 
supplying the lubricants of the future. 

Strictly speaking, rust preventives are not lubricants 
and therefore would not be covered in a paper on lubri- 
cants. During the war, however, their use has been 
imperative and great strides made in improving the 
quality and physical properties of rust preventives. 
Further, all industry has become rust preventive con- 
scious, not only to protect products being shipped but 
also to save the equipment on hand since it could not 
be replaced. Undoubtedly the use of rust preventives 
will be continued after the war. The post-war products 
will be superior to their pre-war counterparts, particu- 
larly in the following respects: 

1. Greater ease of application. 
2. Longer and better protection. 
3. Larger selection for special uses. 

The proper application of the correct rust preventive 
will be an important phase of the work of the lubrica- 
tion engineer. 

It must not be expected that after the war the field of 
lubrication will be Utopia since, as always when the 
qualities of the lubricants are improved, the demands 
on them will be increased. Improved lubricants will be 
available to industry, however, to aid them in meeting 
the many and complicated problems in the post-war 
period. 





DISCUSSION 


PRESENTED BY 


R. S. SHOEMAKER, Lubrication Engineer, Ameri- 
can Rolling Mill Company, Middletown, Ohio. 

C. A. BAILEY, Lubrication Engineer, Carnegie- 
Illinois Steel Corporation, Gary Works, Gary, 
Indiana. 

G. F. BOWERS, Standard Oil Company (Indiana), 
Chicago, Illinois. 

E. J. EHRET, District Representative, The Farval 
Corporation, Chicago, Illinois. 





R. S. Shoemaker: My hat is off to the oil com- 
panies. They have done a splendid job of taking care of 
their regular customers during the stress of taking care 
of Uncle Sam’s requirements. We have had to make 
extremely few substitutions, and deliveries have been 
good. They have not taken advantage of a seller’s 
market. 

Reference to rustproofing oils is well taken at this 
time. Such products are bound to be in demand. I be- 
lieve there is a decided need for standard specifications 
covering at least two or more grades of light and heavy 
material. It is quite a burden and considerable cost is 
involved in carrying and applying the long list of special 
slushing oils which customers specify. Some of these 
so-called rust preventives have little merit and only 
exist because some oil salesman has done a good 
selling job. 

The American Iron and Steel Institute have had a 
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committee working on rustproofing applications, meth- 
ods and materials in connection with Lend-Lease ship- 
ments. It is certainly to be hoped that this committee 
will be continued and that their work can be made 
available for post-war conditions. This committee is 
chairmaned by John Pelly of Bethlehem Steel Company. 


I think we are all anxiously awaiting the day when 
we may be able to take advantage of the many im- 
provements science has made in lubricants during this 
war period. There still remain many mechanical 
motions in the steel plant not properly protected by 
lubrication. In many cases this is due to excessive 
temperature and moisture. Lubricants which will give 
better protection for our hot and wet spots are bound 
to be popular during the extremely competitive period 
ahead. It is up to the lubrication engineer to demon- 
strate their practical worth as soon as they are obtain- 
able. 

C. A. Bailey: It is difficult for a consumer to com- 
ment on the future developments of a supplier when 
their organization is constantly striving to develop new 
products to offer to the trade. However, there is a 
definite relationship between consumer and supplier in 
the development and progress of industrial lubrication. 
This relationship may be summarized under four 
headings: 

1. Research by the petroleum industry. 

2. Improved methods of application by automatic 
devices. 

3. Improved designs by the machinery builder. 

4. Coordination of technology of the three preceding 
groups by the consumer’s lubrication engineer. 
The phase of research by the petroleum industry 

has been covered by Mr. Bowers and leaves little to be 
added by a consumer’s lubrication engineer other than 
his request for products with characteristics to solve his 
local problems. In this connection one question is 
directed to Mr. Bowers asking him to comment on the 
possibility of the use of lithium and barium soap greases 
in steel mill applications. 

It would be possible to mention numerous requests for 
magic compounds similar to the ones submitted from 
various departments in my plant. It is common, when a 
department is helped by a lubrication engineer, to have 
them come back with other requests for materials to 
prevent leakage due to bad seals, or to correct other 
mechanical defects. We are all looking for a magic com- 
pound that will stimulate growth of gear teeth, but I 
hesitate to pass these requests on to the supplier because 
of dislike for them myself. Therefore, it is preferred to 
accept this paper as a challenge to lubrication engineers 
to aid in applying the developments in research offered 
by the oil companies in the shortest possible time, elim- 
inating lost time that often occurs between develop- 
ment and full application. 


The second phase of improved methods of application 
by automatic devices must strive toward more economi- 
cal applications at more frequent automatic intervals. 
We have yet to develop the perfect lubricating device. 
The benefits of present development are often appre- 
ciated more when it is necessary to go back to old meth- 
ods for a short time. This was the case in the return of 
the wooden oil drum for a few months. These post-war 
products would be delivered in leak-proof, self-dispen- 
sing containers. 
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‘The third phase of this relationship is the machinery 
builder’s design. The research of the petroleum industry 
and latest lubricant application method is best utilized 
if incorporated at an early date in the machinery 
builder’s design. 

The fourth phase is the coordination of the technology 
of the three preceding groups by the consumer’s lubri- 
cation engineer. 

The fact that we are being awakened to the need of 
better care for our machinery is illustrated by the im- 
proved service of automobiles and home appliances. 
This alarm has also been sounded to industry and has 
resulted in improved practices, such as engineering 
service, methods, material and, greatest of all, lubri- 
cation consciousness. Engineering service can be utilized 
most effectively if performed by the proper organization. 
It has been found desirable to have one individual in 
each department or division assigned the definite 
responsibility of all lubricants and their application 
within the department. This procedure has proved very 
satisfactory and has been carried to the extent that all 
persons handling lubricants receive instructions from the 
division lubrication engineer, thus improving the per- 
formance of their duties. In many cases it is desirable 
to have the persons handling lubricants reporting 
directly or indirectly to the division lubriaction engi- 
neer. 

The greatest benefits of developments by the research 
of the petroleum industry will be best realized through 
efficient application and coordination of lubricating 
technology. 

G. F. Bowers: Mr. Bailey asked a question regard- 
ing lithium and barium soap greases. Those and other 
products can be made to give products which are both 
heat and water resistant, and are of the type which 
undoubtedly will become important in lubricants of the 
future. 

E. J. Ehret: We long ago learned that good lubrica- 
tion calls for, first of all, the correct lubricant and, 
secondly, the correct method of application which will 
provide the right amount at frequent enough intervals 
to prevent metal to metal contact in the bearings. 

From these facts we can easily draw the following 
conclusions: The lubricant should be chosen to suit the 
bearing requirements, not the lubricating system. You 
should choose a system that can dispense the lubricant 
best suited to the bearings. If you compromise on the 
lubricant to suit the system, you very definitely sacrifice 
some of the important results obtainable. 

To elaborate, places surrounded with heat require 
first of all a rather heavy bodied product with higher 
heat resisting qualities and then a method of delivering 
that lubricant to the bearings at very frequent intervals, 
so that there is always fresh lubricant in the bearings 
and the old lubricant is flushed out. Some systems due 
to their basic design, handle heavier lubricants than 
others. We are very pleased to hear that lubricants are 
being developed that maintain their stability over a 
wide range of temperature changes. 

Lubricant manufacturers, in recommending the cor- 
rect lubricant, might very well point out that the best 
results can be obtained by the proper system of eco- 
nomical application. In order to do this they should 
establish which of their lubricants can be handled by 
the various systems. 
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THE Electronic 
Frequency 


.... the electronic frequency changer is a 


useful tool now available for certain applica- 


tions previously using other types of equip- 


ment .... this paper describes an installation 


in daily use as an interconnection between 


60 cycle and 25 cycle power systems... . 


by F. W. CRAMER, ELECTRICAL ENGINEER 


CARNEGIE-ILLINOIS STEEL CORPORATION 


PITTSBURGH, PENNSYLVANIA 


A IN December, 1943, there went into operation an 
electronic means of automatically transferring an 
adjustable but constant amount of power, reversibly, 
between power systems of different frequencies. This 
installation, consisting of two 10,000 kw duplicate elec- 
tronic frequency changers, was made at the Edgar 
Thomson Works of the Carnegie-Illinois Steel Corpora- 
tion at Braddock, Pennsylvania, to interconnect their 
44 kv, 25 cycle system with their 69 kv, 60 cycle system. 
The work was undertaken after a group of Carnegie- 
Illinois Steel Corporation engineers made a thorough 
review of electronic converter developments in 1940-41. 

The 60 cycle system comprises steel mill loads and 
50,000 kw of generating capacity, inter-connected with 
a large public utility having over 600,000 kw in genera- 
tion. (Figure 1) The steel company’s 25 cycle equip- 
ment has over 125,000 kw in generation as well‘as steel 
mill load. During December, 1943, the first 10,000 kw 
unit was put into operation followed, in February, 
1944, by the second 10,000 kw unit. 


Presented before A. 1. S. E. ANNUAL CONVENTION, Pittsburgh, Pa., Sept. 25-27, 1944 
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AND OL OW. MORTON anc A. 6. DARLING 


INDUSTRIAL ENGINEERING DIVISION 
GENERAL ELECTRIC COMPANY 
SCHENECTADY. NEW YORK 


WHAT IS AN ELECTRONIC CONVERTER? 


The term “electronic converter” defines a combina- 
tion of electronic tubes and necessary auxiliaries, which 
modifies one form of electric power to another form of 
electric power. The electronic rectifier converts alter- 
nating to direct current. Another form transforms 
direct current into alternating current, in which case 
it is called an inverter. A rectifier and an inverter in 
combination transform alternating current of one 
frequency to alternating current of the same or of a 
different frequency and may be termed a “frequency 
changer.”’ A number of different circuits may be used 
and the type of electronic tube may be varied to accom- 
plish the desired results. 

The electronic frequency changer, characteristically, 
forms a controlled power system interconnection. Some 
of the controls that appear useful are summarized 
as follows: 

1. Control to give constant power output to one of 
two systems. 

2. Convenient reversibility of power 
response to a predetermined signal. 


output in 
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3. Power output in response to the requirements of a 
specified portion of a general load may be con- 
trolled. 

4. Power output in response to the variations in total 
load of one system and in a predetermined ratio to 
the power supplied by other sources of that system 
may be controlled. 

5. Power output required to maintain the desired fre- 
quency of one system or with frequency regulation 
characteristics suitable for parallel operation with 
primer movers may be controlled. 

6. Power may be supplied to an otherwise isolated load 
under frequency regulation characteristics. In this 
instance certain frequency control and synchronous 
condenser capacity must be available on the re- 
ceiving system. 


HOW DOES AN ELECTRONIC 
FREQUENCY CHANGER OPERATE? 


Some basic principles of electronics to recall are: 

1. Current will flow only when the anode is positive 
with respect to cathode. 

2. Considering a multiphase circuit, only the anode or 
anodes in the circuit which are most positive will 
conduct current. 

3. It is possible to prevent an anode from conducting, 
even when it is most positive, by negatively energiz- 
ing a grid between the anode and cathode. 

4. Phase control is the process of varying the time 
within the cycle at which anode conduction is per- 
mitted to begin for the purpose of adjusting the 
d-c voltage. 

Bearing these basic principles in mind, it is possible 
to show how an electronic frequency changer takes 
power from one a-c system and delivers power to 
another a-c system. 

Figure 2 shows the connections of a simplified portion 
of an electronic frequency changer, assumed, for illus- 
tration, to be connecting synchronized systems of like 
frequency. The portion selected is one of several phases. 
It will be noted that there are two voltages impressed: 
Er on the rectifier transformer and E; on the inverter 
transformer. The two voltages are in phase and there- 
fore oppose each other. If Ep is increased in magnitude, 
the anodes of rectifier and inverter are made positive 
with respect to their cathodes and current, therefore, 
power will flow from rectifier system to the inverter 
system, during this portion of a half cycle. In the suc- 
ceeding half cycle, the tubes will not conduct current, 
since the polarities are reversed. 

The voltages, and therefore the amount of power 
flow between the rectifier and the inverter, may be 
varied. This may be accomplished by changing the rela- 
tive levels of applied system voltages, either at their 
sources or by changing the taps on the transformers. 
Still another way is to so energize the grids of the tubes 
as to make conduction occur at the proper instant. A 
negatively energized grid can prevent conduction until 
it is advantageous to permit it to take place. 

Considering now a multiphase circuit, with individual 
rectifiers and inverters in each phase, it becomes ap- 
parent that each phase voltage produces a d-c voltage 
which varies somewhat in magnitude as time progresses, 
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Figure 1 — Electronic converter interconnection of 60 cycle 
and 25 cycle systems. 
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Figure 2 — Single phase, half cycle, rectifier-inverter. 
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yet all phases contribute pieces tending toward a con- 
tinuity of d-c voltage, which has the desired average 
value. The various phase rectifiers produce such a d-c 
voltage and the various phase inverters produce a simi- 
lar voltage but counter to the voltage of the rectifiers. 

By making the phase rectifiers conduct during the 
portions of the time when their phase voltages are high 
or by making the inverters conduct during the portions 
of the time when their phase voltages are low, a differ- 
ence in average d-c voltage is created which, being in 
favor of the rectifier, causes current and power to flow 
from the system supplying the rectifier to the system 
supplied by the inverter. 

The action of the rectifier is to produce an average 
d-c voltage higher than the average d-c voltage of the 
inverter, and so produce d-c power. 

The action of the inverter is to chop the d-c power, 
produced by the rectifier, into blocks, corresponding to 
the phases of the inverter, and, at the correct time 
intervals, to force multiphase alternating power of the 
correct frequency into the receiving system. 

Phase control is used to block the tubes from firing 
until is it desirable to have them conduct current. 

There are still further refinements in the operation of 
a frequency changer which warrant some attention. 
The points to be noted are these: 

The frequencies of the inter-connected systems may 
vary at will without affecting the operation of the fre- 
quency changer, since the link which connects rectifier 
to inverter contains only direct current. By taking the 
signals for phase control of the inverter from the voltage 
of the receiving system, a-c power is delivered to the 
receiving system at whatever frequency it happens to 
have at the moment. 

More power is transferred through the frequency 
changer accordingly as the level of rectifier d-c voltage 
is raised above the counter d-c voltage of the inverter 
by phase control, or by transformer tap or by relative 
rectifier to inverter system voltages. 

The direction of power flow may be changed only by 
phase control of tube conduction at the time to make 
the anodes of the tubes which are to be the rectifiers 
positive and give higher d-c voltage than the anodes of 
the tubes to be the inverters. 

Part A of Figure 3 shows the circuit of a simplified 
3-phase frequency changer. 


Figure 3 — Operating principles of an electronic converter. 
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Rectifier Operation — Part B shows the voltage waves 
(positive half cycles) applied to the rectifier. 

If these voltage waves could be used as they appear, 
conduction would occur in all the time periods between 
intersections of the voltage waves and d-c current 
would be created in blocks having vertical increases 
and decreases. 

Since the reactance of the circuit does not allow an 
instantaneous transfer of current from one to another 
phase, the current in the outgoing phase declines 
gradually while that of the incoming phase rises gradu- 
ally, as shown in part C. Notches are thereby intro- 
duced in the d-c voltage which tends to lower its average 
value. These notches increase in area as the load current 
increases, so giving a drooping voltage with load in- 
creases, typical of the rectifier. 

Part D shows the effect of preventing conduction in 
the rectifier by phase control of grid excitation. 

It will be observed that the level of instantaneous a-c 
voltage rises from the intersection of phase voltages to 
the peak of the succeeding wave. Retarding the con- 
duction of the rectifier tends, therefore, to apply a higher 
level of voltage to the tubes than would be obtained if 
conduction took place at the intersection of the phase 
voltage waves, 

It will also be noted that by retarding conduction, 
current is drawn from the supply system at a phase 
angle lagging the phase voltage and that this angle in- 
creases as load is increased. This characteristic is the 
chief reason that the rectifier requires a system supply 
having over excited synchronous capacity on it. 

Inverter Operation — Part E of Figure 3 shows the 
voltage waves impressed on the inverter. These are 
negative compared to the phase angle of the rectifier 
voltages, 

Again, time, required for transfer of current from 
gne to another phase, prevents this action taking place 
at the intersection of the voltage waves. In transferring 
current from one to another phase, advantage is taken 
of the relatively greater instantaneous values of voltage 
of the outgoing phase, at instants just preceding inter- 
section as compared to the lower instantaneous voltage 
of the incoming phase, both voltages being negative. 
The reactance of the circuit, here acts to increase the 
voltage (as in part F) of the inverter and gives it a rising 
characteristic with load increases. Again the current in 
the outgoing phase declines gradually and that in the 
incoming phase increases gradyally. 


Part G shows that conduction in the outgoing phase 
is prevented by phase control in order to allow the cur- 
rent to be transferred to the next incoming phase 
before its voltage rises above that of the outgoing 
phase. Advancing the time at which conduction takes 
place in the inverter reduces its voltage and allows 
more power to flow from the rectifier through the in- 
verter to the receiving system. 


Again it will be noted that the phase angle relations 
of the current and voltage of the inverter are such that 
current leads voltage. This is true when observed from 
the standpoint of the inverter being a generator. When 
viewed from the synchronous machines on the receiving 
system, however, these machines must be overexcited 
to supply what, to them, is the lagging reactive kva 
of the inverter. 

Margins in angles of phase control of the inverter are 


IRON AND STEEL ENGINEER, JANUARY, 1945 





REACTIVE KVA IN % OF FULL LOAD KW. 


Fig 


Fic 


PERCENT EFFICIENCY 


ac 
su 


by 
al 
fr 
of 


pl 








pear, 
ween 
rrent 
CASES 


Ww an 
other 
lines 
adu- 
ntro- 
rage 
rrent 
1 in- 


mn in 


S a-c 
es to 
con- 
gher 
ed if 


hase 


tion, 
hase 
e in- 

the 
pply 


the 
are 
ifier 


rom 
lace 
ring 
ken 
Lage 
iter- 
lage 
ive. 

the 
sing 
t in 

the 


lase 
-ur- 
lase 
ing 
kes 


OWS 


ons 


hat 


‘om 
hen 
ing 
ted 
Kva 



























































DUPLICATE TRANSFORMERS ; EACH: / y 
128 12 PHASE DOUBLE WAY } / 
15% REACTANCE ASSUMED — ’, ee . 
ie DEIONIZATION 5 A A 
130 
120 
Z SOLID LINES FOR RECTIFIER 
110] DOTTED LINES FOR INVERTER 
Fa 
3 
3 90 
ve 
S 80 . 
/ 7 
é 70 / y 
z Pi 4 
z Y s 
< 60 Peer 
z 4 4 “dg A 
Y ff 
50 / 4 
> Vf \f7 
S Lif Ak 
2 40 "4 “YX 
ro Lge fi! REACTIVE WITH 
30 Sb 7 MARGIN TO COMMUTATE 
y Ma LOAD WITH 5% 
20 io TA Pd y VOLTAGE DIFFERENCE 
‘til REACTIVE WITH SUFFICIENT ANGLE 
10 ag FOR DEIONIZATION ONLY | 
: : it 
4 3 a 4 
LOAD 


Figure 4 — Reactive kva of a typical electronic converter 
having identical 12-phase transformers and losses of 
5.8 to 6.8 percent. 
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Figure 5 — Efficiency of a typical electronic converter hav- 
ing a d-c level corresponding to one percent arc loss. 
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advisable in order that sufficient angle be available for 
sudden changes in voltages applied. 

Figure 4 shows the inherent reactive kva required 
by both rectifier and inverter. These values are attribut- 
able first, to the displacement of current phase position 
from voltage position, as created by the combination 
of commutation and phase control; second, to harmonics 
produced by both rectifiers and inverters, which in- 
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crease the kva of the system; third, to the magnetizing 
requirement of the main power transformers, which is 
observable, chiefly, at light loads. 

Power Flow Control — Reversal of the power flow of 
the converter is accomplished by readjustment of the 
angles of phase control, accompanied at the proper time 
by throw-over contacts in the control circuit. 

Control of power flow through the converter is respon- 
sive to phase control of either rectifier or inverter. 
Advancing the angle of the rectifier increases d-c applied 
voltage and advancing the angle of the inverter de- 
creases the d-c counter voltage. Either causes more d-c 
power to flow. 

Efficiency — Figure 5 illustrates the efficiency of a 
typical electronic power converter, when the d-c voltage 
level is selected high enough to keep arc losses at ap- 
proximately 1 per cent. Higher efficiency, as compared 
to other forms of conversion, is a distinguishing char- 
acteristic of the electronic frequency changer. It will be 
noted that the efficiency is well maintained from 44 load 
upward and does not decrease materially from 4 to 4% 
load. The lower curve represents the efficiencies when 
the inverter is set for a large margin angle to commutate 
load fluctuation produced by voltage variation. But 
even with these adverse conditions, the efficiency is 
reduced only slightly over 1 per cent. 

Electronic Disturbances — Electronic disturbances 
have been the subject of much research and consider- 
able progress has been made toward the elimination of 
these types of faults. Arc-backs (failure of grids to pre- 
vent conduction during positive half waves) are the 
characteristic type of internal faults of the rectifiers. 
Insufficient inverter angle causes commutation failures 
in the inverter. Both rectifier and inverter commutation 
failures cause excess current in the rectifier circuits and 
a-c supply lines feeding the rectifier. Inverter failures 
cause some current to be furnished by the receiving sys- 
tem to the inverters. High speed relays and contactors 
are used to stop ignition and bias the grids to cause arc 
suppression in the rectifier current in a small fraction of 
a second, whereupon the rectifier or the inverter fault 
is removed and operation immediately resumes. This 
action is so fast that it is not necessary to switch off the 
converter and then restart the service, as is common 
with conventional low voltage power rectifiers. In the 
Carnegie installation these faults are limited to about 
2 or 3 in a 24 hour period. 

System Disturbances — Neither voltage nor freque®Cy 
variations in sending or receiving system cause the 
frequency changer to reverse the power flow. This can 
only be done by changing the angle of the tube ignitio®. 
Moderate decreases in receiving system voltage cause 
a moderate increase in inverter power output. Commu- 
tation ceases at about 2.6 times normal power flow. The 
power regulator restores the previous load within a few 
seconds, even if the lower voltage persists. Normal 
current can be restored, after the fault on the receiving 
system has been cleared, in a minimum of 4/100th 
second or a maximum of 4/10 second, without? the 
necessity for disconnecting the converter from the 
system. Since the converter requires reactive kva 
excitation, the source of this excitation furnishes over- 
current to system disturbances, and provides a signal by 
means of which they may be cleared by circuit breakers, 
if the faults persist. So long as these faults are cut off 
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Figure 6 — Main power diagram of an electronic converter . 


from the converter in one to three seconds, the arc 
suppression control will fully protect the frequency 
changer, making it unnecessary to open the power cir- 
cuit breakers during that interval. It has been con- 
sidered good practice to disconnect the converter from 
a system fault, only if it tends to persist. 

Selection of Circuits and Electronic Devices — The 
simplest and most economical circuits from the stand- 
point of transformer kva utilization are the double way 
(full wave) combinations. The circuit used in the Car- 
negie installation is that shown in Figure 6. Stainless 
steel, water cooled, sealed, pentode ignitron tubes rated 
200 amperes, 20,000 volts, were selected. These tubes 
have an anode, three grids and a mercury pool cathode. 
(See Figures 7 and 8.) An igniter establishes a cathode 
spot each cycle on the mercury pool. The cathode spot 
is stabilized at low anode currents by the use of an 
auxiliary holding anode. The first grid, or one nearest 
the anode, is used as an intermediate anode to divide 
potential gradients across the tube during non-conduct- 
ing periods. The second, or center grid, is used to control 
the starting and conduction period; and the third or 
outer grid as a shield to permit rapid deionization of 
the space between the control and shield grid. The de- 
sign incorporates the lowest possible arc loss consistent 
with essentially complete freedom from arc-back under 
normal operating conditions. There are three cathode 
igniters, only one of which is used at a time, the others 
being spares. There are also two holding anodes, one 
maintaining cathode spot excitation for low anode cur- 
rents and the other is used for control purposes. Both 
grids must be made positive to establish conduction. If 
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either is negative, the tube will not conduct. Conduction 
must first be established to the shield grid and then to 
the control grid. Automatic temperature control of the 
cooling water keeps the tubes within optimum oper- 
ating temperatures. Heat exchangers cooled by raw 
water, take away the losses from the pure water circu- 
lated through the tubes. (See Figure 9.) Since there is 
no way of running accelerated life tests, a conclusive 
statement cannot be made in the case of the pentode 
ignitron, but in view of experience with similar tubes 
and the basic design features involved, it is expected 
that an average life of at least five years will be obtained. 
If a sealed tube is ever involved in difficulty, the user 
simply replaces it and returns it to the factory, where 
controlled factory conditions and expert personnel are 
available for rework. It takes approximately one hour 
or less for tube renewal from power-off to power-on. 


DESCRIPTION OF CARNEGIE-ILLINOIS 
INSTALLATION 


Figure 6 shows the main circuit diagram of the two, 
duplicate, 10,000 kw electronic frequency changers, used 
to interconnect the Carnegie-Illinois Steel Corporation’s 
69,000 volt, 60 cycle and their 44,000 volt, 25 cycle 
systems. Both the 10,000 kw units are capable of carry- 
ing 125 per cent load for two hours and 200 per cent load 
for one minute. They may be operated singly or in 
parallel. Transformer connections for each 10,000 kw 
unit are arranged for 12 phase operation at 12,970 volts. 
The secondaries are zig-zagged for a phase displacement 
of plus-minus 74% electrical degrees, one unit being 
internally connected for plus 74% degrees and the other 





Figure 7 — The 
pentode ignitron 
tube used in the 
20,000 kw _ elec- 
tronic power con- 
verter. 
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for minus 7% degrees. This gives 12 phase operation for 
one unit and 24 phase operation for the two units in 
parallel. The tubes are connected in eight, 3-phase, 
double-way (full wave) 6-tube circuits and operate at 


Figure 8 — Section through the pentode ignitron showing 
the general design. 
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Figure 9 — Unit heat exchangers for two 10,000 kw con- 
verters. 


29,400 volts, d-c line-to-line. The rectifiers and inverters 
of each 10,000 kw unit are staggered in the series d-c 
link. Grounding the neutral of one of the transformer 
wye points reduces insulation requirements as compared 
to connecting two rectifiers in series and then the two 
inverters. By a simple change of connections, operation 
as a single 20,000 kw unit could be compelled, which 
points the way to increased kw rating. 


It will be noted that there are no power circuit 
breakers in the d-c circuit. The a-c line breakers are the 
only ones required. 


The multi-storied station, in which the converters are 
mounted, (See Figure 10) was dictated by the restricted 
ground area available and by the desire to place damage- 
able portions above high water river level. The heavy 
transformers, oil circuit breakers and other similar 
equipment are mounted on concrete or steel pedestals at 
ground level or just above it (See Figure 11). The 
windowless, air-conditioned building, supported by 
ordinary steel columns, houses all the indoor apparatus, 
while the steel structure provides a mounting for some 
of the high tension gear. Figure 12 shows the aisle-way 
extending between pairs of 12 tube cubicles housing sets 
of tubes and some of their accessories. Figure 13 shows 
the tubes mounted in their enclosures. The light weight 
of the electronic equipment proved an advantage in this 
character of installation. Its adaptability to flat floor 
surface mounting simplifies and reduces installation cost. 

Unattended Station — As the converter station was 
designed to be unattended but supervised from an 
adjacent power station where operators are on duty, 
duplicate operator’s panels are provided, one in the con- 
verter building and the other in the power station with 
permissive switches, which transfer complete functional 
control from one to the other station. Except during 
trial periods, normal operation of both converters has 
been directed by the Carnegie-Illinois Steel Corporation 
load despatcher who has, in general, designated constant 
power flow, under automatic control, from the 60 to 
the 25 cycle system. 
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Effect of Power Reversal — Figure 14 shows by graphic 
meter charts that load through the converter remains 
constant at selected levels regardless of voltage and fre- 
quency variations in both systems. At approximately 
7:40 P.M., the operator reversed the power flow through 
one unit from,5000 kw to the,25 cycle system,to 5000 kw 
to,the 60 cycle system. No corresponding changes were 
observed in the voltages of the two systems or in the 
frequency of the 60 cycle system. The extra 10,000 kw 
load on the already well-loaded 25 cycle generators, 
however, caused a frequency drop in the 25 cycle system. 

System Wave Shapes — Figure 15 shows wave shapes 
obtained on the high voltage side of 60 and 25 cycle 
transformers with power flowing from the 60 to the 25 
cycle system. The wave distortion for inverters is the 
same as for rectifiers, and depends upon the same 
factors. The upper left hand traces A and B show, 
respectively, the 25 cycle voltage and current with 
the 10,000 kw inverter operating 12 phase. The upper 
right hand traces, C and D, show, respectively, the 
60 cycle voltage and current of the rectifier when oper- 
ating in 12 phase. The lower right hand traces, E and 
F, show the 60 cycle voltage and current of two 10,000 
kw rectifiers, when operating in 24 phase. The left hand 
center traces, a and b, and the right hand center traces, 
d and e, and the lower left hand traces, e and f, designate 
the same waves as those identified by the upper register 
letters, except they were taken when the film was run 
at a faster speed. 











Figure 10 — Cross-section elevation of the 20,000 kw electronic converter station of the Carnegie-IIlinois Steel Corporation. \ 
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Tests made by representatives of the Edison Electric 
Institute and Bell Telephone System have shown that 
no objectionable interference takes place on nearby 
telephone circuits. 

Circuit Control — A unit is switched (Figure 6) in 
service by merely closing the power circuit breakers con- 
necting the transformers to the two systems, after 
having energized the auxiliary and ignition transformer 
circuits and having set the ignition control system net- 
work of both frequencies for the inverter position. 
When the main power circuit breakers are tripped, the 
automatic control re-establishes this starting condition. 
For convenience and simplicity of protective relay cir- 
cuits, both breakers are tripped simultaneously. 

The only switching required in the circuit between 
ignitron tubes and the transformers is for safety to 
personnel who may have occasion to work on equipment 
in the tube assembly enclosure. Enclosed, group- 
operated disconnecting switches, suitably key-inter- 
locked with tube enclosure doors and high voltage 
power circuit breakers are provided to insure safety. 

Switching of the auxiliary and ignition transformers 
to high voltage lines is accomplished by horn gap dis- 
connecting switches, key-interlocked with the trans- 
former secondary air breakers to prevent their operation 
under load. The auxiliary transformers are protected 
by suitable current limiting fuses. Manually operated, 
low voltage air breakers provide means of segregating 
the radial feeders and cross tying between transformers 
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of similar frequency in case one of the transformers is 
wut of service for any reason. 

Load Control— The converter is basically under 
automatic current control at all times. The operator 
has a choice of three types of control: manual, by con- 
trol switch which merely adjusts the calibration of the 
current regulator to constant current values; next, 
automatic watt regulator control which holds constant 
watts by modifying the current regulator; and lastly 
by a demand regulator. The direction of power flow is 
selected by the operator for manual or watt regulator 
control, but becomes automatic under demand regu- 
lator control. The magnitude of power flow through the 
frequency changer is determined by the magnitude of 
the reference voltage used in the field circuits of the 
control amplidyne generator associated with the firing 
circuit, (Figure 16). The reference voltage is obtained 
from an induction regulator, which determines, by 
rotor position, the magnitude of that voltage. Driving 
power for the shaft of the induction regulator, selsyn 
and cam-operated position switches is obtained from a 
d-c motor, whose armature is energized by an amplidyne 
generator, which gives the advantages of reversible rota- 
tion without the use of reversing contactors, easy 
adjustment of motor armature voltage magnitude and 
easy adoption of control circuit and inherent dynamic 
braking. The low control field current of the amplidyne 
permits the use of relay and control switch contacts 
directly in the field circuit. The contacts of the cam- 
operated position switch prevent closing of the breakers 
except when the induction voltage regulator is in a zero 
power flow position, when all tubes operate as inverters. 

The demand regulator is an indicating-integrating 
device which measures the interchange of power 
between the public utility system and the steel com- 
pany’s 60 cycle system. The regulator is designed to 
hold a preselected value of instantaneous exchange 
kilowatts. This value is, however, corrected to com- 
pensate for any differential between the ideal preselected 
kilowatt hour exchange and the actual kilowatt hour 
exchange, as time progresses. 

Protective Relaying — Protective relaying is included 
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Figure 11— Two 10,000 kw Electronic power converters 
and control installed in brick housing ; 60 cycle switch- 
ing and lines at left, 25 cycle switching and lines at 
right of structure. (above left) 


& 


Figure 12 — Converter tube assembly enclosures for recti- 
fiers-inverters (view through center isle). (above right) 
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Figure 13 — Twelve-tube electronic converter enclosure 
(interior view). At center, a rectifier-inverter tube 
mounted in front of grid control equiprnent on insu- 
lated platform. Additional grid control at left rear. 
Excitation insulating transformer below. (below) 
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Figure 14— Charts illustrating effects of manually re- 
setting of automatic constant power control including 
power reversal. 

a. Changes in load by manually adjusting kw regu- 
lator for constant load to 25 cycle system, zero 
load, and reversing direction to supply load to 
60 cycle system. 

69 kv 60 cycle system voltage. 

44 kv 25 cycle system voltage. 

69 kv 60 cycle system frequency. 

44 kv 25 cycle system frequency. - 


eaoc 


in the switchgear which is mounted on the first floor of 

the two-story building (Figure 17). Faults which must 

be considered are classified as follows: 

1. Faults associated with the converter, its transformers 
and auxiliary apparatus. 

(a) Insulation failures in the transformer and a-c 
system. 

(b) Mal-function of the tubes or insulation failure in 
the d-c conductor system accompanied by 
failure or too frequent operation of the auto- 
matic fault suppression features of the converter 
grid and ignition control. 

2. Faults associated with the power systems. 

(a) Short circuits. 

(b) Loss of voltage. 

As it is impractical to apply differential relays to 
rectifier transformers by reason of the complexity of 
their secondary windings and the character of the cur- 
rent flowing in these windings, the most applicable pro- 
tective relay is the short time delay, induction, over- 
current relay with an inverse characteristic. It has suffi- 
cient time delay to allow for normal transformer mag- 
netizing inrush currents and short duration fault cur- 
rents resulting from transient disturbances in the tubes. 

The type of fault peculiar to a rectifier has been 
termed an “‘arc-back”’ which is the failure of a rectifier 
tube to hold off negative-anode-cathode voltage during 
the inverse part of the cycle. When a tube ares back, a 
cathode spot is formed on the anode with the result that 
the rectifier tube will carry current in the reverse direc- 
tion. It looses its rectifying properties for the duration 
of the arc-back. 

The characteristic fault of an inverter produces a 
short circuit in the d-c link, whether it be because of a 
tube failure, a mis-fire or insufficient deionization time. 
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Figure 15 — High tension voltage and current oscillograms 
of electronic converter operating with power flowing ~ 
from 60 cycle to 25 cycle. 


A— 25 cycle voltage, one 10,000 kw inverter operating q 
12-phase. 


B — 25 cycle current, one 10,000 kw inverter operating 
12 phase. 


C — 60 cycle voltage, one 10,000 kw rectifier operating j 
12-phase ‘a 


D — 60 cycle current, one 10,000 kw rectifier operating 
12-phase. y 


E — 60 cycle voltage, two 10,000 kw rectifiers operating 
24-phase. 


F — 60 cycle current, two 10,000 kw rectifiers operating 
24-phase. 
a, b, c, d, e, f, designate the same waves as A, B, C: 
y D, E, F except taken with a slower film speed. 
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Figure 16 — Control device for power flow through the 
power converter. 


The inverter will continue to try to commutate the d-c 
short circuit current and when this current drops to a 
normal load value, the inverter will be able to com- 
mutate the current and resume operation. This type of 
fault is generally called a ‘‘shoot-through.” 

It is possible to relieve either the rectifier or the in- 
verter from characteristic electronic faults by blocking 
the ignitor. Operation can be resumed if the faults are 
not persistent. When suppression goes into effect, as 
indicated by tube fault currents, all tubes have their 
ignitors blocked, thereby preventing those tubes which 
are in fault from continuing the fault. The duration of 
blocking is sufficiently long to enable the tube which 
ares back or fails to fire properly to regain control. 
Depending upon which frequency system is at fault, 
it requires only 4/10th to 4/100th second to resume 
operation from initiation of fault. 

Both rectifier arc-back and inverter commutation 
failures cause high currents in the rectifier circuits and 
a-c supply lines feeding the rectifier. Inverter commu- 
tation failures also draw some short circuit current 
from the receiving system. The control of tube failures 
is known as arc suppression, and it reduces the rectifier 
a-c and 4-c currents to zero in a small fraction of a 
second, whereupon the suppression is removed and 
operation is immediately resumed. This action is so fast 
that it is not necessary to disconnect the converter and 
restart the service later as is common with conventional 
low voltage power rectifiers. 

Should the tube failures or failure in the d-c circuit 
persist, the fault suppression equipment opens both 
main line circuit breakers after a preselected time 
duration. 

Disturbances occurring in the supplying a-c system 
produce voltage dips, thus causing a reduction in power 
flow to the receiving system. Since the electronic tubes 
are uni-directional current devices, there will be no back 
feed to the supply system even though its voltage falls 
to zero. Power flow can reverse only when phase control 
is intentionally readjusted. 

When the receiving system voltage drops because of 
system faults, but not enough to cause inverter com- 
mutation failure, there is a moderate increase in power 
output. The watt regulator restores the previous load 
within a few seconds, even if the lower voltage persists. 
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If the receiving system voltage disturbance reduces the 
voltage so much that the increased load through the 
converter causes commutation failure, delivery of power 
from the converter will stop. Therefore, inverters do not 
feed excessive currents to the receiving system faults. 
By this action, they do not, of themselves, assist in 
maintaining system voltage for heavy load changes or 
disturbances, yet the synchronous capacity required for 
their excitation does tend to support system voltage. 
Provided system faults are cleared by circuit breakers 
within one to three seconds, the converter will fully 
protect itself by means of its own internal “are sup- 
pression” control and its power circuit breakers may 
remain closed. 




















THE FUTURE OF ELECTRONIC 
POWER CONVERTERS 
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Again using “electronic power converter” to broadly 
classify all forms of equipment which convert power to 
one characteristic into power of a distinctly different 
characteristic by means of electronic tubes, it is well 
known that the power rectifier has firmly established 
itself by means of its desirable characteristics in con- 
verting alternating to direct current. 




















Figure 17 — Control room panels and excitation cubicles 








For the electronic converter which involves con- 
version from a-c to a-c, the future outlook is toward 
those opportunities in which the characteristics of the 
electronic equipment are particularly adapted to the 
circumstances. 

As a frequency changer or as a connecting link 
between systems of the same frequency, the electronic 
equipment has some attractive advantages and some 
disadvantages. Its disadvantages are chiefly those 
associated with its deficiency in supporting system volt- 
ages, its cost, as compared to an overhead line used as a 
link between systems of like frequency and its defi- 
ciency, not only in being able to furnish over-excited 
reactive current to either system, but the necessity for 
the two systems to supply over-excited reactive current ' 
to the frequency changer. 

The synchronous and Scherbiys types of rotating 
converters have the ability to supply and control over- 
excited reactive current to the systems to which they 
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are connected. These same types can furnish power to 
independent inductive or capacitive loads. All rotating 
types of frequency converters are sources of short cir- 
cuit current, the system being relieved of the fault in 
the opening time of conventional circuit breakers. 
Rotating types of frequency changers resist a change in 
voltage due to disturbances, and are, consequently, a 
factor in improving the voltage and the stability of 
a system. 

The efficiency of the electronic frequency changer is 
well maintained throughout its load range and is rela- 
tively higher than that of rotating frequency changers. 
Losses associated with the supply of over-excited re- 
active kva for commutation, etc. vary with each case 
and tend to increase the losses chargeable to the elec- 
tronic frequency changer. 

Reactive kva must be furnished to the electronic fre- 
quency changer when it is in parallel with synchronous 
generation, or when it is supplying an isolated load. 
Reactive kva of the load must also be supplied by suit- 
able means. Voltage regulation of a frequency changer 
supplying an isolated load rests solely upon a condenser 
which must be available for this purpose and must be 
started from some source other than the frequency 
changer. When these conditions are satisfied, and only 
then, stub-feed from an electronic frequency changer 
seems entirely feasible. 


The ease and rapidity with which loads through an 
electronic frequency changer can be controlled and 
made responsive to a number of different elementary 
signals has been well exemplified in this installation. 
Weights, dimensions and foundations of the equipment 
immediately involved in converting power from one 
system to another of different frequency are less for the 
electronic frequency changer, (excluding those elements 
contributed by the synchronous equipment required for 
commutation, etc.,) than for the rotating frequency 
changer. Transformers are required by the electronic 
converter to insulate d-c from a-c systems and to obtain 
multiphase operation from the three-phase system. This 
addition can generally be expected to increase the 
weight and dimensions of the complete electronic fre- 
quency changer above those for the rotating equipment. 
Foundation dimensions will vary with the particular 
location. Where both types of converters require trans- 
formers to raise potentials above those which can be 
withstood by rotating frequency changers, these physi- 
cal factors will be in favor of the electronic frequency 
changer. 

It is not the intention of the authors of this paper to 
advocate the application of electronic frequency 
changers for all cases of system interconnection, but to 
point out that a useful tool has come on the market that 
may be more applicable in certain instances than con- 
ventional methods previously available. 

One of the fields in which it seems possible that the 
electronic frequency changer may find itself useful is 
that in which the receiving system frequency must be 
readily and widely varied. Considerable development 
must need to be done before such a variable frequency 
changer can be offered to the trade. 


In the meantime the installation at the Carnegie- 
Illinois Steel Corporation plant is proving itself useful 
in every-day service. 
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F. W. Cramer: The Carnegie-Illinois Steel Corpo- 
ration operates three large 25 cycle power systems: 
one in the Chicago district with a generating capacity of 
297,800 kw, another in the Pittsburgh district with a 
generating capacity of 138,000 kw and a third in the 
Youngstown district with a generating capacity of 


47,200 kw. There is also a 60 cycle generation of 50,000 § 


kw in Pittsburgh. 

Since these systems supply steel mill loads, a close 
control of voltage and frequency as practiced by utili- 
ties is not required, and variation in frequency from 


221% to 26 cycles due to sudden load swings, or a drop | 


in voltage of 10 per cent does not interfere with opera- 
tions. 

In the Chicago district, Gary Sheet and Tin Mill’s 
wide strip operation was installed in 1936 using 60 cycle 
equipment with a load demand of about 42,000 kw. 
The power is purchased from the public utility com- 
pany. This 60 cycle load has since been increased as new 
equipment was placed in operation and 60 cycle power 
is gradually replacing 25 cycle power in this area. 

In 1940, studies were made in the Chicago district on 
possible methods for interconnecting the 25 cycle sys- 
tem with its wide variations in frequency and voltage 
to the utility 60 cycle system with practically constant 
voltage and frequency conditions, and have power feed 
either way. 

These studies indicated that the mercury arc rectifier 
and inverter combination, where frequency variations 
would be eliminated in the d-c tie, could be used and 
a 6667 kw unit was purchased. The war emergency 
handicapped the development of this project and de- 
layed completion of the unit. 

In the Pittsburgh district the Irvin works, installed 
in 1938 together with the Edgar Thomson slabbing mill 
operation, were designed as 60 cycle plants and the 
power — about 45,000 kw — purchased from the public 
utility company. 
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In 1941, when the emergency expansion program 
was authorized, the electric furnaces at Duquesne works 
and the blast furnaces at Edgar Thomson were designed 
for 60 cycle power. 

The additional blast furnaces at Edgar Thomson 
works produce enough gas for steam production over 
and above all other requirements to generate 50,000 kw, 
and if it is not used for this purpose, would be wasted. 
Two 25,000 kw, 60 cycle turbo-generators were installed 
to utilize this available waste fuel. This, however, did 
not solve the power problem for the open hearth, slab- 
bing mill, 160 in. plate mill and forge shop project 
located in the Homestead works, which project is lo- 
cated in a 25 cycle area near modern mills with 25 cycle 
main drive motors. The topography of the country plus 
lack of space on mill property made a 60 cycle high 
tension line a costly project with complications of dual 
transmission systems. Studies on this problem indicated 
that the 50,000 kw produced by the 60 cycle turbines 
would about balance the additional electric load created 
by the three new projects, and if a frequency converter 
could be installed the 20,000 kw, 25 cycle load in the 
new Homestead project could be served from those 
turbines. 

As in the Chicago district, means for this frequency 
conversion were studied and propositions requested 
on both electronic and rotating equipment. The cost 
installed for a 20,000 kw electronic unit without founda- 
tions or building was $50,000 greater than for a rotating 
unit. However, the main unit for a Scherbius set weighed 
715,000 lb, and for a Kramer unit 507,000 lb plus two 
rotary converters at 76,000 lb each. Either type of 
rotating unit would require a 50-ton crane to handle 
the heaviest piece. The total weight of the 48 units 
comprising the electronic converters was 135,000 lb, 
and they could be installed without foundations on a 
floor designed for a load of 150 psi. The location for 
this unit is in the flood area, so that the floor level for 
equipment must be 12 ft above ground level. This made 
the heavy foundations for rotating equipment more 
expensive. 

When the total cost of the project, including building, 
foundations, crane, steel work and ventilating system 
for the rotating equipment, was compared to the similar 
total cost for electronic equipment, there was consider- 
able savings in favor of the electronic. There was also 
the benefit of having two complete units in the electronic 
project. 

The delivery of the electronic equipment was given 
as 427 days compared with 650 days for the rotating 
and the quantity of critical materials involved was 
considerably less. 

The efficiency of the electronic unit operating at a 
monthly load factor of 50 per cent should be about 
5 per cent better than the rotating unit which, on 
100,000,000 kwh per year, would mean a savings of 
5,000,000 kwhr. This saving at $.005 per kwhr equals 
$25,000 annually. 

The overall efficiency, 69 kv 60 cycles to 44 kv 25 
cycles, has been 94.88 per cent. 

As for operating costs, it will require several years to 
obtain an average value. A tube life of five years is 
expected. Other than tube replacements, repair costs 
should be very minor. 

B. M. Jones: The Duquesne Light Company 60 cy- 
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cle system and the Carnegie-Illinois Steel Corporation 
60 cycle system now operate in parallel, and the con- 
verters which tie the steel corporation’s 60 cycle and 
25 cycle systems also tie the Duquesne Light 60 cycle 
system to the 25 cycle system of the steel corporation. 
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Figure 1 — Map showing public utility system with inter- 
connection to steel company’s system indicated at 
lower right. 


Figure 1 shows the Duquesne Light system diagram, 
and the steel corporation interconnection is shown in the 
lower right near a bend in the river. The 60 cycle load 
of the steel corporation carried on our system before 
these electronic converters were installed has been as 
much as 60,000 to 70,000 kw at times. The total in- 
stalled nameplate generating capacity of Duquesne 
Light is 624,000 kw, with 262,500 kw at Colfax, 180,000 
kw at Reed, 116,500 kw at Brunot Island, 60,000 kw 
at Phillips, and 5000 kw at Stanwix. Phillips is our 
newest plant, having been placed in service in January, 
1943. It was planned and authorized prior to our 
country’s entry into the war, in anticipation of the large 
war loads to come, and which actually did come, and 
we take pride in this advance planning. 

We are very glad to state that these devices are not 
causing any concern or disturbances at the present 
time. Some interference did occur on the Duquesne 
Light system at the time of initially placing the first 
10,000 kw converter in service in December, 1948, 
resulting in rather widespread voltage flicker complaints 
on our system which, we believe, resulted from sporadic 
faulty tube operation (commutation failures) which 
lasted intermittently from the time the original cut-in 
was made at about 9 P.M., throughout that night, the 
next day, and, to a lesser extent, spasmodically there- 
after. Since that time, the second 10,000 kw unit has 
been cut in service (on February 15, 1944), and some 
voltage complaints were encountered, although there 
were not as many as when the first unit was cut in. 

It is interesting to note that the electronic frequency 
converter installation requires each system to provide 
its own reactive, for the converter installation itself 
does not do this. The frequency records for our system 
during the time these frequency changer installations 
have been in service and during the initial tryout thereof 
show no appreciable effect of this interconnection. 

One attractive feature of such a frequency converter 
tying two large systems together is the steady load that 
can be interchanged between the two systems, as has 
been referred to by the authors. The ideal condition of 
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an electric interconnection is for the power] flowing 
over the interconnection to be at absolutely steady 
load. This same condition is desirable for any load, but 
the fluctuating nature of most loads is inherent and 
unavoidable. 

Another interesting feature, which is very desirable 
to us, is the fact that under fault conditions on either 
system, the electric converter prevents excessive flow 
of current and actually limits it to slightly more than 
full load. A big interconnection which does not limit 
the flow of short circuit as this does, imposes greater 
short circuit duty on equipment and could easily cause 
much “expense in circuit breaker replacements, in addi- 
tion to the possibility of affecting the stability of the 
systems. These electronic converters eliminate these two 
difficult and expensive problems. 

Even for ties between systems of approximately the 
same frequency, the degree of control of the power 
between the two systems obtained by electronic fre- 
quency converter installations would be a distinct 
advantage in some cases, although modern steam tur- 
bine governors and load controls make interconnections 
between systems very practical and have in recent 
years minimized the degree of power swings over such 
connections. Even so, there might be installations re- 
quiring a smooth control of the flow over intercon- 
nections, and the engineers planning such interconnec- 
tions should explore the possibilities and economic 
advantages of electronic frequency converters before 
arriving at their decisiog. 

It is interesting to note that the converter handles 
fault currents, internal and external, and restores power 
under normal conditions after an elapsed time of not 
over 4/10ths seconds after fault release, thus reducing 
fault damage, duty and stresses on equipment and 
circuit breakers below extents created by corresponding 
size rotating equipment. This is of particular interest to 
the Relay Protection Engineers, and is more important 
to such engineers for a large power system. It is par- 
ticularly interesting to engineers applying circuit 
breakers and to those concerned with the stability of 
the generators. 

The Duquesne Light has been operating in parallel 
with adjacent power systems, the West Penn Power 
Company and Pennsylvania Power Company, since 
about 1925, and such interconnections are still in satis- 
factory service. Several years ago we installed a regu- 
lating transformer in one of the interconnections to 
permit the parallel operation of our system with both 
these interconnections simultaneously and to control 
the flow of power reasonably close (within steps of 
2000 kw more or less) over the tie with the Pennsylvania 
Power Company. In our case, each interconnection 
above one requires a regulating device to control the 
flow of power so that it will not flow into our system 
from one interconnection and out over the other one, 
the regulating transformer being set to make the second 
interconnection feed into our system. Of course, rapid 
load swings cannot be controlled by this regulator. 

Investigations and research have been made jointly 
with the steel corporation to compare the 60 cycle 
voltage with the flicker in it caused by forced commu- 
tation failures with a standard 60 cycle laboratory wave 
to determine the magnitude of the fluctuating voltage. 
The results seem to indicate that the voltage fluctuation 
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at the connecting point between the 60 cycle systems 
of Duquesne Light and the steel corporation was in the 
order of 4 to 5 rms volts for staged commutation failures, 
These deviations were observed on a cathode ray oscillo- 
graph, and photographic records were obtained. Vary- 
ing reports were received from previously informed 
observers. Some could not even discern the flicker; 
most of them did but did not consider it objectionable, 
although the fluctuations were not nearly as prolonged 
during the test as when the units were first placed in 
service. The two tests were of very short duration (about © 
5 or 6 seconds each) and continued flicker of this magni- 7 
tude would have been objectionable to many; certainly 
it was during the first stages of the operation of the sets. 
The test fluctuations occurred at the rate of 1.5 per 
second, which is approaching the most critical fre- 
quency for visual perception and objection. oy Fig 
E. R. Whitehead: Various methods have been sug- 7 
gested for the measurement of so-called “‘flicker voltage” 
in the field. The term “‘flicker voltage”’ usually refers to 
voltage disturbances having a definite frequency and | 
approximately the same amplitude, such as_ those pa} 
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caused by “‘stitch”’ welders. I 
The measurement of disturbances occurring at dur 
random and having neither fixed frequency nor ampli- hale 
tude is most satisfactorily accomplished osciilographi- rh 
cally. by 
It was decided to compare the 66 kv bus potential at = 
the interconnecting substation with that of a stable fluc 
standard source furnished by a sine wave generator at int 
the utility standardizing laboratory. cha 
For convenience, both voltages were brought to the J 
office of the system operator over telephone lines where of 
the oscilloscope and resistance voltage dividers were cut 
connected as shown in Figure 1. The slight phase shift 7 
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Figure 1— Diagram of connections of oscilloscope and © 
resistance voltage dividers for measuring ‘‘flicker © 
voltage.”’ @ (b) 
Pe SABRE A ISIE ae SS pa Me (a 
ip ER a ages a aie es ae + 9 a (d) 
caused by the capacitance of the telephone lines was (e) 
compensated by adjusting the stator position of the sine 
wave generator, while accurate magnitude balance was \ 


obtained by the voltage dividers. In this way perfect 3 kilo 
fundamental frequency balance was achieved, leaving 9B requ 
about one half volt harmonic unbalance which was 9 so s 
blanked out on the oscilloscope screen. The zero line reac 
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those paper. ; 
Figure 2 shows one of a group of records obtained 
during a series of staged tests in which electronic faults 


A were artificially produced in the frequency converter. 
sraphi- The scale marking is a calibration in rms volts made 
by depressing the voltage at the interconnecting station 
tial at in accurate two-volt steps. This record shows eight 
stable fluctuations, which occurred in five seconds. The time 
stor at intervals were measured from a high speed ammeter 
chart. 
to the J. H. Cox: The authors have presented a description 
where of a most interesting engineering project capably exe- 
5 wert cuted. This is a good example of the trend in the util- 


e shift ization of electronics in ever broader fields. 

As is quite natural, the authors of this paper have 
gues 4 presented the favorable side of the picture and I am 
® afraid that this, together with the excellent engineering 

performance, may be somewhat misleading and indicate 
that high power electronic frequency changers are now 


aaaaae | ready for general application. Although reluctant to 
- criticize a good job, I would like to emphasize the 
t adverse side of the picture. 
* . . ° 
ra Some of the important features, although covered in 
> the paper, seem to justify emphasis. The most valuable 
se) . ° 
- feature of the electronic frequency converter is the 

variable frequency ratio. This feature removes the some- 
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times prohibitive requirement of tying the frequencies 

of two a-c power systems rigidly together. Less impor- 

tant attractions are extreme ease and flexibility of 

| @ control and absence of noise and vibration. Against 
these attractions must be weighed the following dis- 
advantages: 

(a) A present high initial cost. (The cost of upkeep can 
ve and hardly be estimated until the life of the relatively 
‘flicker expensive tubes is established.) 

(b) Adverse power factor and harmonics. 
_____ 9% (c) Low overload current limits. 
J (d) Complicated control and protection circuits. 


& 


es was (e) Inability to supply isolated loads without a further 
he sine considerable increase in complication. 

ce was An electronic frequency converter transmits only 
perfect #® kilowatts and contributes nothing to the reactive kva 
eaving §@ requirements of either power system. This would not be 
h was & so serious, but the converter itself requires additional 
ro line 9 reactive kva for its own operation, particularly on the 
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inverter or receiving system, and this requirement is 
really relatively large. 

This requirement for reactive kva is related to the 
more serious limitation in overload current. For a 
given setting of inverter operating angle there is a 
definite limit in the current that can be supplied by 
the inverter without failure, even though the tubes per- 
form perfectly. Unfortunately the higher the setting for 
overload the greater becomes the required reactive kva 
during continuous normal operation. Also, variations 
in the voltage of the inverter, or receiving, system 
have a profound influence on this overload current limit. 
As described in the papers, the converter will not supply 
an isolated load, unless equipped with a considerable 
increase in apparatus and complication, or by a con- 
siderably different basic circuit. 

I would like to ask if it proved equally satisfactory to 
operate the frequency changer to take load peaks, as to 
operate at constant load. Is the latter method of opera- 
tion desired, or is it a limitation of the equipment? 

W. E. Gutzwiller: The paper gives an interesting 
and complete description of the equipment, the installa- 
tion and the early commercial operacial operation of 
the two 10,000 kw electronic frequency changer sets 
installed at the Edgar Thomson works of the Carnegie- 
Illinois Steel Corporation at Braddock, Pennsylvania. 
The authors are to be commended on the very complete 
manner in which they presented the subject and par- 
ticularly, the way they pointed out the advantages and 
disadvantages of this new electronic frequency changer 
equipment in contrast to the more conventional rotating 
type converters. 

For the sake of completeness of records, it should be 
stated that other manufacturers of power electronic 
equipment in this country and abroad have also con- 
tributed to the development of this electronic type 
converter. In Europe, mercury pool type electronic 
power inverters in various forms have been used since 
1934 and in unit capacities from approximately 2000 kw 
to 3000 kw. A 25/60-cycle electronic frequency changer 
of two-thirds the unit capacity of the one described in the 
foregoing paper was built and put in commercial service 
in September, 1943 in one of the mid-western mills of 
the Carnegie-Illinois Steel Corporation and has been 
used for power demand control ever since. This unit, 
while performing a very similar service as the one in 
the Pittsburgh area, uses somewhat different type of 
equipment and circuits. The electronic units are of the 
pump evacuated type in contrast to the sealed tubes 
described in the paper. However, a d-c link between 
two separate electronic units is likewise provided and 
power conversion is in both directions. 

With two large-scale commercial installations made 
in this country this new electronic power conversion tool 
has now definitely passed the laboratory stage and 
should find many new uses in the near future, one of 
which undoubtedly will be its application in connection 
with long distance transmission of high voltage direct- 
current power. 

The electrical manufacturers and the electric power 
industry as a whole are thankful to the management 
and engineers of the Carnegie-Illinois Steel Corporation 
who, through their pioneering spirit and splendid 
cooperation have made possible these first two full 
scale converter installations. 
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F.O. Schnure: In the description of this installation 
it is very interesting to have the author’s frank dis- 
cussion of the advant»ges and the disadvantages of the 
electronic power couverter when used as a frequency 
changer. Having been concerned with the operation of a 
20,000 kw synchronous type of rotating frequency 
changer for a nymber of years, which has been found 
to be very dependable, I would be reluctant to exchange 
it for an electronic converter that would not be able to 
regulate the voltage or be instantly available for the 
exchange of power in either direction. This last char- 
acteristic has saved our plant several outages. 

On the other hand, several years’ operation of an a-c 
to d-c electronic power converter has provided us with 
an appreciation of how easily and rapidly it responds 
to the requirements of the job on which it is applied. Its 
higher efficiency is also a feature that favors the elec- 
tronic over the rotating converter. 

The electrical industry owes a vote of thanks to both 
the builder and the user for their pioneering in this 
installation. 

F. W. Cramer: Is it correct that your Sparrows 
Point power system has ties with the utility on both the 
25 and 60 cycle systems? 

F. O. Schnure: Yes, it has. 

F. W. Cramer: Then you would not have the wide 
variations in frequency that occur in isolated plants. 

F. O. Schnure: No, we are tied in with the 37,000 
kva on the 25 cycle side, and 60,000 kva on the 60 cycle 
side, and our own power generation is 50,000. The 
25 cycle and 60 cycle systems on the power company 
side are tied together with several frequency changers , 
two 35,000 kw units in Baltimore and a smaller unit at 
Holtwood. They, of course, hold the two systems very 
closely in step. We have no trouble in that respect. The 
only thing we do have to watch is that when they 
change their frequency changers, load them either to- 
ward the 25 or the 60 cycle end, we also have to change 
ours. 

A. G. Darling: The discussions presented have, in 
general, contributed either additional information or 
given valuable and constructive criticism, so enhancing 
the value of the material presented in the papers. 

Since one of the authors was also one of the men who 
investigated frequency changers and selected the elec- 
tronic type, the paper could not quite say all that the 
other two authors would like to have said, but the other 
two authors give due credit to the integrity and the 
sincerity with which the Carnegie-Illinois Steel Corpo- 
ration engineers, led by Mr. F. W. Cramer, made such 
a thorough investigation of various types of frequency 
changers for the particular installations to which 
Mr. Cramer referred. 

Mr. Cramer had added much valuable background 
information leading to the selection of the electronic 
frequency changer and contributed interesting results 
of operation. 

B. M. Jones’ and E. R. Whitehead’s presentations 
of the effects of the frequency changer upon the opera- 
tion of the Duquesne Light Company shows how little 
the effect of the converter can be noticed, since the 
period of initial adjustment. It can be assumed that the 
reactive kva required by the converter is supplied 
by the steel company. 

The tests reported by Mr. Whitehead necessitated 


66 


the converter be intentionally forced into electronic 
fault conditions. The slight voltage fluctuations which 
occurred in five seconds were due to the operator’s wish 
to be certain that the faults were sufficient to be ob- 
served. Normally, only a single fault occurs which is 
cleared by the fault suppression control. Electronic 
faults are evidently not a cause of noticeable system 
voltage disturbance and single faults do not cause 
customer reaction. 

Mr. Whitehead is to be complimented on the in- 
genious and accurate method used in making these 
interesting tests which contribute valuable information 
to the project. 

Mr. Whitehead pointed out that the maximum dis 
turbance was five volts. I would like to ask him if that 
is not an instantaneous value of voltage difference 
between the true sine wave generator at constant volt- 
age and the fluctuations caused by the electronic dis- 
turbances, or whether it is an rms value? 

E. R. Whitehead: The difference was an rms value. 

A. G. Darling: Mr. Cox has chosen to emphasize 
what, in his opinion, he believes are disadvantages 
without attempting to draw a balance with the advan- 
tages. Points brought out in the paper and discussion 
will serve’ to clarify Mr. Cox’s remarks: 

a. Mr. Cramer has, in his discussion, given data which 
pertains to initial cost and upkeep. 

b. It has been pointed out in the paper that the reactive 
required by the converter represents a charge against 
this type of unit. Once this is recognized and evalu- 
ated, it becomes a tangible factor and can be equated 
against advantages. 

The question of adverse harmonics has been duly 
answered by Messrs. King and Kent at the A. I. E. E. 
meeting, St. Louis, Missouri, June 1944, as a result of 
their American Telephone and Telegraph and Edison 
Electric Institute tests insofar as telephone interference 
is concerned. They reported that there is no noticeable 
interference. 

c. Low overload current limits are mentioned as a 
characteristic of the electronic frequency changer. 
Assuming Mr. Cox has the characteristics of rotating 
frequency changers in mind as a reference, a direct 
comparison will show that the electronic equipment, 
has, in this case, a 125 per cent two hour and 200 per 
cent one minute load rating. Other designs could be 
rated for 200 per cent load for one minute, even 
though not given a 125 per cent two hour rating. 
These ratings are equal to or higher than standard 
for rotating frequency changers. 

Maximum loads, not generally included in ratings, 
and in excess of one minute ratings, can be withstood 
by both the electronic and rotating frequency changers 
when under regulator control. The maximum pullout 
torque of a conventional rotating converter and the 


maximum load of an electronic converter are in the 


same order of magnitude, assuming both are under 
regulator control and that the system voltages are 
normal. In the case of the Carnegie installation, when 
the inverter angle is fixed at a value corresponding to 
the maximum expected spread in system voltage ratio 
and when the rectifier angle is under automatic load 
control, the electronic frequency changer will develop 
2.6 times normal lead. When synchronous machines 
are called upon to deliver maximum kw loads under 
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ceiling excitation from normal excitation systems, their 


ability to furnish overexcited reactive kva is diminished. 

When the electronic converter is supplying an over- 

load, it draws more underexcited reactive kva from the 

systems. 

If Mr. Cox is loosely using the term low overload 
limits to mean low available short circuit current, the 
question might be raised as to whether high short circuit 
current from a frequency changer is an advantage, 
considering the likelihood that it will be only one of 
many sources of short circuit current and of voltage 
maintenance. 

d. It is true that the control and protection of the elec- 
tronic converter presents problems unusual to the 
designer familiar with rotating machine control. 
However, these problems were handled by men whose 
previous experience had been with conventional 
rotating machines and transformers. The designers of 
the control and protection circuits described in this 
paper testify in their A. I. E. E. paper that these 
features are both versatile and simple. 

d. Mr. Cox charges the electronic converter with an 
inability to supply isolated loads without a further 
increase in complication. Experience in other in- 
stances, cited by Mr. Gutzwiller and tried out in 
experimental form by members of the author’s 
organization, show that the additions needed are 
relatively simple because they are largely in the form 
of conventional synchronous condensers with start- 
ing motors and frequency sensitive relays. 

The points brought out by Mr. Cox as limitations do 
not therefore represent unsolved problems. What is 
known to be, can be met with confidence. 

Mr. Cox also asked if it proved equally satisfactory to 
operate the frequency changer to take peak loads as to 
operate at constant load. The demand regulator referred 
to in the paper, but not fully described because of limi- 
tation of time, was furnished to maintain a relatively 
constant load taken from the Duquesne Light Company 
by the steel company’s 60 cycle system. The regulator 
has been left disconnected as it has been more essential 
to furnish constant power to the 25 cycle system than 
to limit purchased power peaks. In the future it is ex- 
pected that the demand regulator will go into operation 
and may call upon the frequency changer to reverse its 
loads as the circumstances of load increase and decrease 
take place. 

The comments given by Mr. Gutzwiller are very 
much appreciated. Having had some field experience 
with an electronic frequency changer, Mr. Gutzwiller 
is quick to sense advantages along with limitations. Due 
credit is given to all who have contributed to the early, 
as well as recent, development of the art. 

Last spring when Mr. Schnure showed me his 25,000 
kw rotating frequency changer in operation, it was 
apparent that much credit should be given to the Con- 
solidated Edison Company of Baltimore and their engi- 
neer in charge of governors for the refinement of settings 
which resulted in no obvious interchange of power 
through the frequency changer and so, between systems. 
I am sure Mr. Schnure understands that voltage regu- 
lation of an electronic converter as well as that of a 
rotating converter is dependent on an excitation system. 
For the electronic equipment, the excitation system 
consists of separately excited synchronous capacity 
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which tends to stabilize system voltage. For the rotating 
synchronous equipment, the excitation system consists 
of a separate exciter also tending to maintain system 
voltage. The electronic equipment, under system 
disturbances, continues to furnish power until its volt- 
age is reduced to the limit of commutation. When the 
disturbance is relieved and voltage rises, the electronic 
equipment restores power to the system. Compara- 
tively, the synchronous frequency changer, under sys- 
tem disturbances, continued to furnish current at all 
voltage levels and so tends to stabilize the system. 


Stone DISCUSSION 


(Continued from page 47) 

rolls must run 5 per cent slower than the second set of 
rolls, and this relation must be maintained all the way 
from standstill to the running speed of some 3000 fpm. 
It is obvious that a very small variation in the relative 
speed means a very great error in the percentage elonga- 
tion obtained. Suppose, for instance, a 2 per cent elon- 
gation was desired, and that the accuracy was only 
\4 of 1 per cent. This error would mean a 12% per cent 
variation from the desired elongation. Thus, the very 
fundamental of operation of this mill is dependent upon 
the accuracy of the speed control of these two sets of 
rolls. This job is entrusted to an electronic amplidyne 
system of control which has performed quite satisfac- 
torily in actual practice. 

The feed reel is driven by two 25 kw, 400/1600 rpm 
drag generators; the entry puller No. 1 by a 50 kw, 
300/600 rpm generator; the entry puller No. 2 by a 
100 kw, 300/600 rpm generator; stand No. 1 by a 
double armature 250 hp, 250/500 rpm drag generator; 
stand No. 2 by a 1500 hp, 300/500 rpm motor; delivery 
puller No. 1 by a 300 hp, 300/600 rpm motor; delivery 
puller No. 2 by a 150 hp, 300/600 rpm motor; and the 
tension reel by a 150 hp, 150/600 rpm motor. Power is 
supplied by a 1250 kw synchronous motor-generator set. 

The feed reel, entry and delivery pullers, and tension 
reel are equipped with amplidyne type current regu- 
lators, and the No. 1 stand motor by an electronic 
amplidyne speed regulator. 

This drive represents the most intricate equipment 
which has been built so far. There are 42 machines used 
in connection with the main drives, in addition to those 
used for auxiliaries. 

The operation of this mill has been very satisfactory, 
and it is believed that this type of drive will have a 
prominent place in future temper mills. 

C. A. Kral: This is an extremely interesting mill. 
After this war is over, we will naturally be faced with 
production of lighter base weights with higher tempers. 
From what I hear of the work this mill is doing, it will 
certainly be worthy of consideration for this future 
business. 

M.D. Stone: In agreeing with Mr. Mohler, I wish to 
emphasize that accuracy of electrical control is of prime 
importance in the proper operation of the Uni-temper 
mill — and that the electrical system that was worked 
out has proved entirely adequate. It has enabled us to 
retain flexibility of operation together with relative 
speed control accuracy; we might otherwise have been 
forced to a mechanical drive. 
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THE “¥ecelerated COOLING 
0F Cast Steels 


.... discussing the effects of rapid chilling 


of cast steel and presenting a method of 


attaining these results in the manufacture of 


cast steel rolls .... 


A BY way of introduction, it is perhaps wise to explain 
that it is not the intention of this paper to present 
technical data of which the accuracy is beyond question, 
nor to present theories which have not been hitherto 
the subject of many discussions. Rather, it is the pur- 
pose to review considerable technical information on 
the subject of accelerated solidification rates and 
through this review develop the reasoning process which 
brought about the development of a method for cooling 
roll castings through the solidification range with 
water. Nor do we feel that time is wasted in a discussion 
concerned only with generalizations about solidification 
rates because, apparently, that is still the extent of 
agreement in all the research work that has been done 
on this subject. However, in our own case and in the 
case of industry as a whole, the general conclusions 
which have been reached have been sufficient to indi- 
cate a general line of attack to the problems surround- 
ing the manufacture of sound cast steel rolls. 


Since we are presenting a method for drastic chilling 
of cast steels which cannot be subject to absolute scien- 
tific explanation, it might be well in our own defense 
to quote a few lines from the conclusion of a report of a 
committee of the British Iron and Steel Institute which 


Presented before A. |. S. E. Birmingham District Meeting, March 27, 1944. 
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by J. M. DUGAN anc 6. D. GRIFFITHS 


OHIO STEEL FOUNDRY COMPANY 
LIMA, OHIO 


conducted certain studies on the solidification rates of § 


cast steels (Second Report on the Heterogeneity of 
Steel Ingots, 1928): 

“It appears that even if a complete mathematical 
expression could be given to represent the freezing of 
the ingot in the mold, there would still be considerable 


doubt as to how to apply it until agreement is attained 


as to the best crystalline arrangement to aim for, and 


even then the influence of the rate of cooling, or of the > 


velocity of freezing across the section, on that crystalline 
arrangement must be known. It is therefore clear that 


for the present the committee can well leave the matter | 
. . this, } 


as one requiring much further elucidation” . . 
after a study extending over a period of twenty-five 
years. 


At any rate, mathematical accuracy is not a pre- | 


requisite to mechanical development in a practical 


manner. We feel that the results we have obtained, | 
acting upon the assumptions which will be explained in | 


this paper, indicate that we are at least headed in the 
right direction and we must leave the gaging of the ex- 
tent of our progress until that time arrives when 
research work can show more quantative results. 

We shall therefore try in this paper to bring out the 
general advantages which can be expected from rapidly 
cooled cast steels, according to the belief that is widely 
held in the industry. First, -let us review the action of 
metal which is subjected to drastic cooling during the 
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solidification period. Since any type of chilling must of 
necessity be dependent upon the type of mold, our 
study should first consider the various steps which have 
brought us to the design of present-day molds. 

As first used, no doubt, the only function intended for 
any mold was that it should provide a receptacle for 
the molten metal. Later, as the steel-making process 
became more refined, molds were so designed that they 
might perform additional functions, namely (1) to 
assist in the feeding of inaccessible sections, and (2) ab- 
straction of heat so as to provide directional solidifica- 
tion. Later, in the design of molds more and more 
attention was given to the further function of producing 
sound castings. In the work of producing ingots, the 
study of molds has received its greatest impetus. To 
review the types of ingot molds and to discuss the types 
of steels produced with these molds would prolong this 
paper almost indefinitely. Since we are primarily con- 
cerned with a type or class of steel which is suited to 
roll manufacture, we will limit our discussion to the 
structure of steels in that class and to the type of equip- 
ment necessary to produce such steel. It is our belief 
that for molten steel cast in any ordinary type of mold 
the process of solidification is as follows: 

As the molten metal at a temperature of approxi- 
mately 2600 F comes in contact with the surface of the 
mold which has a temperature somewhere in the neigh- 
borhood of 200 F, there is an immediate chilling action 
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upon the casting caused by conduction of heat through 
the mold which is in contact with the molten metal, and 
the resulting shock in the meeting of these two sub- 
stances having such a great difference in temperature 
causes a thin skin of solid metal to form almost in- 
stantly. In an ordinary mold the transfer of heat from 
the molten metal to the mold causes a certain amount of 
expansion in the mold itself. Because the outer portion 
of the mold retains its lower temperature for a time 
after pouring, the expansion of the mold must be in- 
wardly until all of the mold walls have become heated 
by conduction of heat from the molten metal. At this 
point the heat is removed from the exterior walls of the 
flask, being transferred to the surrounding atmosphere. 
By the time the mold and flask have become heated 
throughout, the interior surface of the mold has prob- 
ably reached a temperature somewhere near that of the 
metal which has become solid around the outer rim of 
the roll casting. As soon as the mold and flask have 
become heated throughout, outward expansion of the 
mold begins, so that an air space forms between the 
casting and the interior mold wall, which space be- 
comes an insulating area. However, this insulating effect 
is overcome in large measure by the radiation of heat 
from the casting to the mold walls, and after this point 
is reached the casting and mold cool together at ap- 
proximately the same rate. 

Before going any further with this discussion, we will 
attempt to show that metal solidifies in three distinct 
phases (Figure 6): 

1. A definite chill area. 

2. An area in which elongated crystals form due to the 
~? effect of any exterior cooling substance. 

3. An area in which equiaxial crystals form in a manner 
common to molten steel which is allowed to cool.slowly. 

1. We now submit that the chill area can in no case 

be of very great thickness, nor is the thickness which 
‘an be expected from the use of one type of mold any 
greater than the thickness which can be provided by 
any other type of mold. Probably the only circumstance 
which can have any substantial effect upon the thick- 
ness of this chill layer is the difference between the tem- 
perature of the molten metal and the temperature of 
the mold itself. In other words, the thickness of the chill 
area depends entirely upon the degree of shock pro- 
vided by the mold upon the molten metal. 


2. Next, after the formation of the chill layer, comes 
the zone of elongated crystals which owe their design 
to whatever rate of cooling the mold in which they are 
cast can provide. Much has been done along this line in 
ingot production to develop molds which will produce 
steels having definite characteristics. Later in this paper 
we will discuss the types of molds which have been 
developed to produce sound steels as it is this class of 
steels which more closely compares with the type of 
steel from which rolls are made. 

3. After that point is reached in the interior of the 
casting upon which the cooling action of the mold can 
have no further effect, a zone of irregular equiaxial crys- 
tals is set:up. These crystals have a dendritic structure 
but they are arranged in no definite alignment. Since 
it is our belief that the chill area cannot be influenced 
to any great extent, we have directed our attentions to 
the nature of that second zone in the crystalline struc- 
ture which we have labeled the rapidly cooled area. We 
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Figure 1 — Cross-sectional view of steel roll in mold 
showing gate, cast chill rings ordinarily used for chill- 
ing body surfaces, and relative size of head necessary 
to feed this type of casting. (above) 


Figure 2— Pattern maker checking roll sweep. Steel roll 
molds are made by mounting a sweep cut out to the 
roll dimensions on a spindle and the mold cavity is 
actually ‘‘swept’’ or cut out as the spindle and sweep 
are revolved. (below left) 


Figure 3— General view of roll molding floor, showing 
molders cutting out molds with sweeps and applying 
silica wash to mold surface. (below right) 





believe that the elongated crystals which form in this 
zone are dendritic in nature, as are all cast steel crystals; 

















however, they are arranged in a columnar form which 1 
indicates the effect of the temperature-removing czx- a 
pacity of the mold. ‘ul 
liq 
Much has. been written concerning the value of vari- the 
ous types of grain structures in steel and it appears thet 5 
there is little agreement as to what is the best type of 7 
steel for any particular use. Here again the discussion @ ~ 
of various crystalline structures is beyond the scope of HB *~° 
this paper. Too, the wide range in chemical analysis in 7” 
which rolls may be cast means that many different tee 
crystalline structures result. However, it is our ‘belief ™ 
that there are many variables in steel structures of any 
given composition due mainly to differences in cooling MH “* 
rate, and further that, insofar as the section comprised | a, 
of a dendritic or columnar group of crystals is composed a 
of a compact association of crystals, that section is ar 
desirable and in all probability is the best type of steel 7 
from a standpoint of homogeneity. This homogeneity ap 
can be attributed to the manner in which the dendrites a 
are formed. It is generally believed that dendrite si 
crystals which are formed through a slow cooling process th 
are heterogeneous chemically because that part of the 
crystal which is last to solidify has entered into a state R: 
of equilibrium, more or less, depending upon the rate of rs 
temperature change, with the molten metal in which i 
it is forming, and, consequently, the analysis of the part o 
of the crystal which forms last will be different from that 4: 
part of the crystal which was first to form. Conversely, ss 
dendrites which are formed rapidly should not achieve a 
very great degree of equilibrium with the molten metal a 
and consequently should preserve a greater degree of er 
homogeneity. 
fo 
To go back a few paragraphs, let us again consider the 
solidification process of a large steel casting through the é 
three zones which we have enumerated (Figure 6). The Di 
first rapid chilling of the mold walls forms a thin layer q 
of small equiaxial crystals along the surface of the cast- a 
ing. No doubt the interior side of this chill layer is a 
minutely irregular, and these small irregularities provide § ti 
the starting points for crystals of a dendritic nature to b 
form. And so dendritic and columnar crystals will con- f; 
tinue into the center of the casting for a distance equal 
to the heat-removing effect of the mold. It is our belief 
that the more rapidly this columnar crystal growth 55 
can be carried out the more homogeneous the steel in the 7 
outer portions of the casting will be. ‘ 
t 
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According to Desch (Foundry Trade Journal, Nov- 
mber 28, 1940): ““When a solid solution solidifies, the 
olid which separated under conditions of equilibrium 
iad a given composition. When solidification had gone 


1 in ths 
orystals; 
n which 


ying ca- 
d ‘urther, the solid should be in equilibrium with a new 
liquid composition, but that could not take place unless 
ian) the solid phase changed its composition by diffusion and 
eesthat a continuous process of diffusion was necessary for 
type of equilibrium. Under most conditions of cooling they 
enantio would not get that perfect diffusion. Diffusion in the 


solid state was a slow process compared with freezing 
and therefore there was a lag between the freezing 
process and the adjustment of the solid to keep itself 


cope of 
lysis in 


Paes in equilibrium with the liquid.” | 
ot Dae [ nless the process of diffusion in the solid state can be 
ey carried on under ideal conditions, the resulting steel 
nprised ' must be highly segregated. 7 hese ideal conditions would 
mposed mean the long time subjection of the steel to a very high 
am and uniform annealing temperature. Conditions neces- 
oS éhed sary to ideal diffusion in the solid state are seldom 
atisetty approximated. Thus the only manner in which an un- 
cited segregated area of a steel casting can be brought about 
endrite in commercial practice is by chilling and thereby under- 
process cooling during the period of change from the liquid to 
of the the solid state. i awe ; 
eae Guliver, in his paper ‘Departure from Equilibrium in 
ol Rapidly ( ooled Solids, indicates that under a suffi- 
whieh ciently rapid cooling rate there would be no diffusion at 
be part all, although he was not able to show a quantitative 
m that relation between the rate of cooling and the degree of 
adualy’ diffusion. We feel that, in the making of a class of steel 
ae J in which the presence of alloys in certain well defined 
tebe quantities Is necessary 1n the area near the surface of 
sai ol such castings, a method which will not permit the segre- 
gation of these alloys into the center of the casting is of 
utmost importance. This, then, is the first main reason 
for an accelerated cooling rate. 
ler the The second reason is the elimination of segregation 
gh the areas in the surface area of the castings. All steel that is 
). The produced commercially, regardless of the degree of 
| layer quality that is desired, will contain certain slag particles 
Ancaey and various other non-metallic inclusions. In a steel 
oS casting which is permitted to cool through the solidifica- 
rovide | tion range in an ordinary manner, these inclusions will 
hes ae be found at random spots in the body of the casting and 
is ‘al frequently will lie in an area somewhere near the surface. 
elied In order to obtain a clear understanding of the rapidly 
arte cooled area referred to above, let us consider the effect 
=n the of a chill upon molten metal. The chill, because of its low 


temperature, can absorb heat either by conduction or 
radiation from any substance having a higher tempera- 
ture. This means that, when a chill is placed near a 
large mass of molten metal, heat is quickly extracted 
from that mass by the chill, and in the part of the metal 
which thus gives up heat certain alloys having high 
freezing points quickly solidify with the first drop in 
temperature of the molten mass, and these solid par- 
ticles offer nuclei about which crystals readily form. 
Using the chill crystals for their base or nucleus, a 
somewhat different and larger type of dendritic crystal- 
lization then begins to form, or rather grow inwardly 
into the mother liquid. The growth and orientation of 
these exceedingly long dendrites must needs be uni- 
directional. True, crystal growth, if unimpeded, is 
invariably uniform in four directions. In this instance 
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Figure 4 — Roll molds being placed in drying ovens. 
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Figure 5 — Large steel back-up roll after final machining 
operation. 
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the walls of the mold prevent growth outwardly; the 
growing arms or secondary axis of adjacent crystals soon 
meet one another and arrest all growth in any of the 
directions parallel to the walls of the mold, and the only 
direction remaining for uninterrupted growth is per- 
pendicularly inward, where the metal is still too hot to 
allow the formation of fresh nuclei. Columnar crystals 
may or may not fill up the whole of the ingot; generally 
in large masses the center is cooled to the freezing point 
before the columnar crystals have grown across the 
ingot. If that be the case, the remaining metal then 
solidifies from any independent centers, the result being 
a center made up of fairly fine equiaxed crystals ar- 
ranged in no particular geometric pattern (“Application 
of Controlled Directional Solidification to Large Steel 
Castings” by J. A. Duma and S. W. Brinson). 

As soon as sufficient heat is removed from the molten 
metal, dendritic crystals will start to form along the 
inner boundary of the chill layer. These crystals will 
necessarily be elongated, as they must grow in the 
direction of the temperature gradient. There is little 
agreement as to the factors which determine the thick- 
ness of this zone. However, it is generally felt that these 
crystals cease to form at the time the effect of the mold 
is so decreased that slow cooling results. We also believe 
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that these crystals, as they form in toward the center 
of the casting, consist of a fairly constant and homo- 
geneous analysis, and as they form they tend to push 
all segregates ahead of them into the center of the cast- 
ing. According to the report on “Heterogeneity of Steel 
Ingots,” ““Columnar, like all growing crystals, have the 
power of rejecting out of their lattice more or less com- 
pletely all foreign bodies not giving a solid solution. 
On this account the growing columnar crystals will 
reject and push before them a certain layer of slag. 
This will contain silica and sulphide grains assumed to 
pre-exist in the liquid, as well as sulphide successively 
thrown out of the solution on the solidification of iron.” 

And so it is that we believe that accelerated cooling 
can be expected to give us these two very necessary 
features in a steel casting wherein surface perfection 
is paramount: A dense homogeneous nature, and 
freedom from segregation areas. 

Up to this point, we have dealt in generalities as 
applied to the solidification process of any type of steel. 
There are probably as many different classes of steel as 





Figure 6 — Etched section of steel casting showing differ- 
ent structures in same casting caused by varied rates 
of cooling in that casting. This view shows a fine 
crystalline area at outer edge, an area of elongated 
crystals in the next portion and a group of equiaxial 
crystals in the center section. 


Figure 7— Slab taken from body portion of a casting 
30 in. in diameter which was cast without using chills 
of any kind. Etching reveals segregation spots lying in 
area which would constitute rolling surface. When a 
roll such as this is placed in a mill, spalling is likely to 
occur very early in the service life of the roll. 
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there are uses for steel products; consequently, it is 
time for us to narrow down our discussion to that type 
of steel best suited for roll manufacture. 

There has been little research conducted along 








scientific lines to show exactly what type of crystalline é 
structure makes the best roll metal. There are prac- 7 
tically no tests that can be applied to rolls during their a 
production. This entire industry has reached its present 9 * 
state almost entirely through a trial and error process, Hej 
Little work of an experimental nature can be done when P+ = 
castings of the volumes which rolls attain are involved, He 4 


It might be stated that our progress in roll production 

has been due more to statistical efforts rather than to HR 

metallurgical studies. True, considerable work is done #&* 

in an attempt to determine just what grain structures : 

are the most suitable, but so many variables enter into 

this study; and too, not all roll producers are equipped 

to carry such studies to definite conclusions, so the old 

process of putting them in the mill and seeing how they 

work out probably will continue to be the best method 

for testing. Of course, hardness is always watched 

very closely. 

In a roll casting the most desirable features are § 

strength, resistance to stresses in the mill, resistance to 

wear, and resistance to fire cracking. These are, of 

course, only the general qualities which are expected in 

all roll castings. In addition to these, it seems that ( 

almost every mill, and also almost every type of rolled 

product, demands some additional quality from the 
‘ 





rolls which the roll maker must attempt to build into 

his product. Different mills work at different tempera- 

tures and at different speeds and with different designs 

of passes and on different materials, so that almost | 

every type of roll produced needs some special attention 

if it is to stand up under the conditions which will sur- | 

round it in service. To take a concrete example, often 

we will receive notice that a certain roll is fire cracking 

in service, and we attempt to change our analysis to 

meet this condition. Or again, we may learn that, due 

to peculiar driving conditions in a mill, certain rolls are 

not able to stand up in their present form and again 

we may strive for greater strength with a changed 

analysis. Frequently slight changes which may involve 

only very few points in some alloy constituents will 

serve to alleviate the troublesome condition, and it is in 

this regard that we feel that the greater degree of homo- 

geneity that we can attain in the surface area of a roll 

casting, the better we will be able to control our de- 

cisions as to the changes necessary to meet specific 

conditions. Suppose that, on a roll which we learn from 

the mill operators is subject to excessive fire cracking, we 

decide to increase our nickel content in the analysis 

some thirty points when the replace roll is to be made. 

Now suppose that this roll is made under ordinary con- 

ditions which permit cooling through the solidification 

range at a slow rate, which is attended by the segrega- 

tion of a considerable portion of our nickel addition into 

streak areas as the roll casting sets up. We are thereby 

losing in a rather] large degree the effect of a change in 

analysis which might otherwise have cleared up the 

condition which had been encountered in roll service. 
Up to now, we have touched but lightly upon that 

subject which has probably caused roll makers more 

troubles than any other single item, namely, segregation 

areas. By segregation areas we of course mean those 
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ter into 
juipped 
the old Figure 8 — Sulphur print taken by placing sensitized Figure 9— Sulphur print which reveals no segregated 
paper in contact with surface of roll at body shoulders. areas within 5 in. of roll surface. Rolls from which such 
ww they Segregated areas are revealed as dark spots. Above prints are obtained are properly chilled and experience 
nethod print shows one streak area to be less than 3 in. below shows that the best possible mill service will be given 
atched roll surface. More drastic chilling couid have “‘driven”’ by such rolls. Outside diameter of roll is at top of 
this area further into the interior of the roll. picture. 
res. are ee - - = = 
ance to re : a ie eos “ja 
are, of areas or spots in which considerable portions of solids we can say in all honesty that such segregates are 
cted in accumulate having a constitution which is entirely present in every large roll casting — they need not be 
is that different from the surrounding portions of the roll cast- of any detriment to a roll if their location in the interior 
rolled ing. We do not mean to consider in this relation the of that roll can be so controlled that they will never 
m the phenomenon known as dendritic segregation, that approach a wearing surface. 
cele th Ae Need ee aes a As pointed out earlier, rapidly forming crystals tend 
lesigns prey seid eaile eaidebe, buh: valle: Wiha ubeemeiiied to push such segregates on into the center of the casting. 
aa steak hth ‘matey ‘he ree a te sea eaaliae ier ctael We are quite certain that, if these segregated areas are 
siting’ ein Tt cari Spree po es PR held several inches below the smallest working diameter 
: ere eee Serena nana OF SREP UE anaes weer of the roll, no harmful effects due to their presence will 
ill sur- a roll surface, trouble is bound to occur when the roll is oa ia 
, often put into use. It is not our intention at this time to go into — 
acking a detailed explanation of our ideas with regard to the In the foregoing we have brought out what we think 
ysis to nature of these segregated areas (Figure 7). to be the most important benefits to be derived from a 
it, due Our roll inspection procedure provides that sulphur process of rapidly cooling steel _castings, namely a 
ills are prints shall be taken on the body shoulders of rolls denser structure and a steel that is more homogeneous 
again before shipment to reveal the presence of any segrega- in chemical analysis. There now remains another con- 
anged tion or “streak” areas, should they exist, and also to sideration in the study of rapid cooling of cast steels and 
nvolve form a permanent and authoritative tecord of the that is the effect of cooling after the solidus point has 
ts_ will actual condition of the roll before shipment. Figures 8 been reached and on down through the critical range of 
it is in and 9 are taken from roll records. When sulphur prints the steel. It is during this period that the process known 
homo- show “streak”? areas to be so close to the surface that as granulation occurs. We have shown that steel, 
a roll roll service might be impaired, rolls are scrapped before while cooling from the liquid to the thermal critical 
ur de- machine work is completed. Again there is not too much range, becomes solid through the formation of many 
pecific agreement as to exactly what does cause these areas; dendrite crystals. However, the study of most cast steels 
1 from some hold they are due to the presence of gas in the reveals a very fine granular structure which would not 
ng, we molten metal; sometimes it is believed that these areas be expected from the method of solidification which 
alysis form about a nucleus presented by some non-metallic we have described. Micro-study of a cast steel specimen 
made. inclusion, and that they draw out of solution certain shows a fine crystalline arrangement of crystals, these 
y con- elements for which they have a natural affinity, and crystals being so small they are usually referred to as 
cation that streaks in rolls arise from the tendency of such grains rather than crystals. 
srega- materials-to flow upwards in the molten metal due to Apparently, when steel cools below the solidification 
n into their lesser weight. When this occurs their presence is point, the dendrites undergo a process of granulation, 
ereby denoted by lines of softness which run the full length of and it is during this process that the dendritic nature of 
ge in the roll casting, increasing in intensity as they approach the crystals is lost. Based on observations of specimens 
p the the upper part of the rolls and being especially evident taken from castings of large volumes, we believe that 
rvice. on the cope shoulder. At other times it is believed that the more rapid the cooling rate during the solidification 
| that these segreyated materials shrink downward in the period, the finer this grain structure will appear to be 
more mold as they become solid, and consequently lines of after the casting has attained room temperature. 
ation porosity follow in their path. Regardless of the source Summing up the qualities which can be expected from 
those or the form which these segregates may assume — and a rapid cooling process, we have: 
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Figure 10 — Solid metal chill. 











1. Dense dendritic crystals of small size produced dur- 
ing solidification. 

2. Homogeneous crystals produced by arresting of 
diffusion process during solidification. 

8. Responsiveness to heat treatment. 


RAPID COOLING IN ROLL MAKING 


In beginning the roll making part of this discussion, 
let us first mention those elements which are accepted 
as being necessary to the manufacture of a first class 
product. 

Rolls must first of all be made in an analysis which is 
suited to the conditions under which they will work; 
they must be made of a class of steel which is fully 
worked in the furnace so that a fully deoxidized steel 
results; and finally they must be cast in a mold the de- 
sign of which will not permit the presence of cavities or 
voids in the roll body. The application of a method for 
accelerated cooling to the roll casting process is in 
addition to these essential elements. 

Practically all steel rolls are made in molds comprised 
of sand tamped in a steel flask. Only the very small sizes 
are poured in a plain sand mold, however, as it is be- 
lieved that directional solidification and control of 
shrinkage areas make necessary the use of some sub- 
stances having a greater chilling capacity than sand. 
It is in this principle of chilling that our method of roll 
making is so widely different from the practice followed 
by any other manufacturer. In ordinary practice these 
chilling rings, made either of cast iron or steel carefully 
prepared to correct size and contour, are set in the roll 
flask in close proximity to the mold surface. On some 
types of rolls, they extend beyond the mold surface and 
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in themselves constitute a surface against which the 
molten metal will lie. 


As originally used, these chills performed but one 
function, the rapid cooling of the metal lying in contac 
with them with the object of cooling part of the castiny 
to solidification, often while pouring is still in progress, 
so that in an isolated heavy section shrinkage cavities 
might be avoided. Thus the heavy section which is 
chilled might be fed from a thinner section which re- 
mains liquid longer than the chilled section and con- 
trolled solidification is thus attained. A second effect of 
this partial chilling is that the rate of cooling of a casting 
with light and heavy sections adjacent to each other is 
evened up, and the tendency for the sections to pull 
apart upon solidification is decreased. 


These chills, whether they be specially designed chills 
to fit into the pass area of a swept out pass roll or 
whether they be plain chills used along the entire length 
of a plain body roll, can only absorb heat up to that 
point, at which the temperature in the chill ring itself 
equals that of the section of the casting with which it 


lies in close proximity. After this point, the chill and | 


casting will cool together in a slow manner. We do not 
think that the effect of any cast chill rings used in this 
connection can affect materially more than 20 per cent 


of the cross section of any roll casting, and because | 


estimating of the correct thickness of chill to be used is 
made difficult by the presence of so many variables, we 
doubt very much that the effectiveness very often 
approaches such a high percentage. 


Another method to produce an accelerated cooling 
rate for roll castings embodies a solid metal mold for 
chilling the body portion of the roll casting (Figure 10). 
This method is seldom used except in the production of 
plain body rolls. It is rather widely used in the produc- 
tion of backup rolls and its use is general in the iron 
roll industry. This method, too, results in an initial 
absorption of heat by the metal mold at a very rapid 
rate, which extends the rapidly cooled zone. However, 


in an attempt to obtain directional solidification, it is | 


sometimes found necessary to taper the sand lining in 
these chill molds to such an extent that the chilling 
action of the mold near the cope end of the casting is 
practically non-existant. Even in those cases where the 
thickness of sand is held to one inch or less, the initial 
effect of the cast chill will cause the immediate surface 
area of the roll to become solid and to have a chilled 
structure. However, as the chill absorbs the heat of the 
casting, it soon loses its effect as a heat removing agent 
and the chilled area of the metal tends to again approxi- 
mate the temperature that of the still molten interior, 
so that the area of a roll casting having a columnar 
crystalline structure is limited to that area immediately 
adjacent to the surface of-the roll. To make this point 
clear, let us for a moment consider the action of a piece 
of steel which is heated to a high temperature for 
quenching in water. Immediately after quenching the 
surface of the steel is black, but within a short space of 
time after the piece is removed from the water, the heat 
of the interior of the steel restores the red surface of 
the quenched piece. So it is with a roll which is chilled 
with metal chills. After the chills have attained a high 
temperature by absorption from the roll casting, they 
lose their heat removing effect and the casting solidifies 
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ill and rae des 
do not according to the natural laws of cooling with its attend- the best method for obtaining a drastic chilling action, 
in this ant selective freezing. whether this fluid be circulated through a series of 
er cent In a plain sand mold, since the chilling action is rela- pipes or in connection with a water jacket mold. 
ecause tively slight, it can be expected that the primary Our practice entails the use of a water chill which’is 
used is crystals are not very long and in all likelihood the made of steel pipe arranged in semi-cylindrical form 
les, we greater part of the roll having this structure will be (Figure 11). These chills are fabricated in half-sections 
often removed during machining operations. In a roll made so that they may be set in the two halves comprising 
with either cast chill rings or in an entire metallic mold, the standard steel roll flask. Molding practice provides 
ooling these primary crystals will be somewhat longer than in that these chills, when used, be covered with a layer of 
ald for the case of rolls made in simple sand molds, but because sand the thickness of which depends upon the amount of 
re 10). of the limitations on this type of chilling the primary chilling desired for the roll casting and upon the 
tion of crystalline structure cannot extend to any substantial chemical analysis of that casting. As is well known in 
roduc- portion of the cross section of the roll. In a roll 30 in. the casting industry, metals of high nickel and chrome 
.e iron in diameter, which is cast at approximately 31 in. to content cannot be subjected to as drastic chilling action 
initial allow some stock for finish, the depth of the primary as some of the plain carbon steels. In addition to this 
rapid crystalline structure is probably not more than 2 or - —_— 
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1, it is on each side is removed during machining, it can be Figure 13 — Cast and water chills in place in roll flask. 
‘ing in seen that there will be only 114-2 in. of chilled metal 
hilling forming a rim around the roll casting. Below this rim, 
ting is fj the metal is usually of such character that the roll 
re the may be unsuitable for mill use when it is dressed down 
initial to these diameters. 
urface Obviously then, the best method for chilling roll 
chilled castings would be a method which would cause elon- 
of the gated crystals in the rapidly cooled zone to extend as 
agent far as possible into the center of the casting. In order 
proxi- to do this it was necessary that a means be devised to 
terior, amplify the capacity for the chilling substance to 
imnar absorb heat from the molten metal. Hence, certain 
Satay foundry men experimented with the idea of spraying 
point water on the outside mold surface. By removing the 
piece heat from the mold in this manner, the capacity of the 
efor mold to absorb heat was increased with a resulting in- 
g the crease in the chilling action upon the molten metal. 
ace of Out of this practice, which in its original form was 
» heat unsuitable to very close control, developed the idea for 
ce of using water chills for increasing the cooling rate for 
hilled castings. 
high During the last 40 years much was written concern- 
thev ing this method for chilling and it was widely used in 
diftes various experiments with cast steels. However, most 
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accounts of these experiments usually end with the 
assertion that the use of some type of circulating fluid is 
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Figure 14 — Section of roll which ran out during pouring 
This casting wall as shown in foreground was formed 
in 114 minutes and is about % in. in thickness. 


water chill, cast metal rings are used to conduct the 
heat from certain inaccessible areas of the roll casting 
to the water chill (Figures 12 and 13). 

For the molding of plain body rolls, the water chill is 
used alone to chill the wearing surface of the roll, cast 
chills being placed in the mold adjacent to the roll 
shoulder to alleviate the stresses which would otherwise 
occur in those areas if the drastic chilling on the body 
of the rolls should be abruptly terminated at the start of 
the next section. For pass rolls, the same water chill 
arrangement is used but with the cast steel rings placed 
in direct contact with the water chill so that the heat 


abstracted from the molten casting is transferred 
through the cast steel ring to the water which is keyt 
circulating under pressure of approximately 75 psi \n 
the water chill piping. The constant flow of water 
means that the heat is continually abstracted from the 
cast steel rings and the effect of this chilling goes on 
until the entire roll casting has become solid. 


In an effort to determine quantitatively the effet 9 
produced with the various types of chills which we have § 
mentioned, a series of studies were conducted in the | 
following manner: Thermocouples were placed at vari- | 


ous points in the different types of roll molds in order 
to acquire the actual temperature conditions at such 
points during the solidification period of the roll. In the 
case of a roll made with cast chills along the body sur- 


face, one thermocouple was placed in contact with the 7 


casting surface at the center of the body of the roll, 
another in contact with the back face of the cast chill, 
and a third on the casting surface of the head portion 
of the roll so as to obtain a comparative reading for an 


unchilled section of the same roll casting (Figure 15). | 
These thermocouples were connected to automatic re- J 


cording instruments so that the actual thermal changes 
during the solidification period might be obtained. 
For a roll made with cast chills we now feel that the 
following results are typical. Soon after pouring, the 
temperature of the thermocouple located on the head 
portion of the roll rises very sharply until it approxi- 
mates the pouring temperature of the heat. From this 
high temperature a gradual straight line decrease in 
temperature can be expected. This decrease in tem- 
perature is brought about very slowly, so that for a 
35 in. diameter roll there is probably a six hour period 


Figure 15 — Chart showing temperatures recorded for roll molded with cast chills along body. 
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‘.cfore a solidifying temperature is recorded. The time 
- quired for the temperature at this point to decrease 
»f course depends upon the volume of metal in the roll 

asting. However, the interesting point to observe in this 
respect is that the metal does decrease in temperature 
in a gradual manner as shown in the graph. 

In the case of the thermocouple attached to the back 
face of the cast chills (these chills were approximately 
3 in. in thickness and were placed in the roll mold 
approximately 1% in. away from the surface of the 
roll), a rapid rise in temperature is again recorded, 
followed by a straight line decrease which is very 
similar to the decrease in the head portion of the roll 
casting, although the temperature readings taken from 
this second thermocouple are considerably lower than 
those recorded from the couple on the head portion of 
the roll. This indicates that the rapid absorption of heat 
by the cast chills is confined to a very short period of 
time, and that after the first two hours their effect 
rapidly diminishes. The rate of temperature decrease as 
recorded by the third thermocouple placed at the cast- 
ing surface approximates that of the other two points, 
although its entire record shows a much lower tem- 
perature as a result of the initial absorption of heat by 
the cast chills. But again this also shows that these chills 
have little effect upon the rate of cooling after the first 
period in which the roll is becoming solid. 

Now let us look at the manner in which a water- 
cooled roll solidifies (Figure 16). Our studies show that 
the initial effect on a roll cast in a sand mold containing 
a water chill is the same as*that obtained from a sand 
mold either with or without cast chills, in that a chilled 
outer portion of the casting is set up immediately. 





From this point on, however, the reactions noted in a 
water cooled mold are entirely different. In our studies 
of water cooled molds, cast chills were placed at the 
mold surface on the chilled body portion. Since we can 
observe the temperature of the water at the outlet end 
of the chills, no thermocouple was placed on the back 
face of the water chills. The temperature of the water 
which circulates through the water chill pipes rarely 
exceeds a fina. cemperature of 140 F, and in most cases 
the temperature is considerably less than this figure. 
Since the water at the inlet end ordinarily is somewhere 
below 90 F, the heat removing capacity of this method 
becomes quite clear. 

On rolls made with water chills, the temperature of 
the head metal again approximates the pouring tem- 
perature of the heat following which a gradual decrease 
in temperature takes place. However, on the chilled 
portion of the roll, there is a very rapid decrease in 
temperature, indicating a rapid absorption of heat by 
the water chills. 

We believe that it is during the period in which the 
sharp decrease in temperature for the roll surface is 
indicated that accumulations of segregates are pushed 
away from the roll surface area and on into the interior 
of the casting, and we believe that this action makes 
possible the production of rolls with surface areas free 
from streaks. 

After observing all types of crystalline structures in 
steel rolls, we feel that the following general assertion 
can be made: Cast steels which are externally chilled 
exhibit a finer crystalline structure throughout the 
entire mass of the casting, and while the effect dimin- 
ishes in the central portions of the casting, nevertheless 


Figure 16 — Chart showing temperatures with water chill along body. 
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NEWER 


COUPLING ENGINEERING 


By LOVEJOY 


* 
SHROUDED COUPLING FOR 


ADDED PROTECTION 


« 
New L-R Type “’C”’ 


Extension of outside steel collar by 
which load cushions are kept in 
place, covers boltheads against 
contact by anything external to 
coupling. Boltheads are readily 
accessible. Collar extension pro- 
vides larger area of smoothness, 
reducing resistance, even to air- 
flow. For duties from 2.20 to 170 
hp., at 100 rpm. Bores 114” to 654” 





L-R Type “C” Pat. & Pat. Pend. 


New L-R Type “CQ” 
Cutaway shown of new L- 
R Type “CQ,” which has 
the same protective im- 
provement as Type “C”. 
Either half of coupling can 
be rotated. This inde- 
pendent rotation is par- 
ticularly advantageous 
with steam, gasoline, or 
diesel engines, for setting 
or timing. Disconnection 
is effected without mov- 
ing load cushions or steel 
L-R Type “CQ” Pat. & Pat. Pend. collar. 


‘Resilient load cushions are of material best adapted to each 
service. Free-floating cushions between jaws adjust to eve 
requirement. Cushions are always in sight. NO SHUT-DOWN 
\FOR CHANGING. 

Correction of misalignment, takeup of whip, backlash, shock 
\and vibration are effected in the greatest degree. 


FLEXIBLE 
L-R COUPLINGS 
NON —oe 


SEND!FOR QUICKIFINDING 
L-R SELECTOR CHARTS 


By new simplified method these 
charts make it easy to find the cor- 
rect couplings for any service, with 
complete engineering data in 
minutes. L-R Selector Charts 
should be in every engineer’s file 
for ready reference. Charts come 
with Catalog. 
e 


Put your coupling problems up to us. 
L-R Couplings are made for every duty and kind of service from 
1/6 to 2500 hp. Special couplings are also engineered. 





























Wire or Write 


LOVEJOY FLEXIBLE COUPLING CO. 


5016 West Lake Street, Chicago 44, Illinois 
Pittsburgh Office: Edward J. Boyle Co., 508 Grant Street 






















even the very center is different in structure than it 
would be if no chills at all were used. Following this line 
of reasoning it can also be stated that the degree of 
refinement in the crystalline structure depends upon the 
heat removing capacity of the chilling medium used. 

Now let us consider just what this finer crystalline 
structure means in terms of roll life. Since the main 
quality desired from a roll is resistance to wear without 
danger from breaking, the roll maker is forever con- 
fronted with a paradox. He must aim for that degree of 
ductility which will be sufficient to absorb various 
stresses and shocks encountered in mill usage, and 
at the same time, sufficient hardness to stand up under 
mill wear. The finer crystalline structures attained with 
chilled steels are held to possess greater ductility than 
steels allowed to cool slower, as well as lending itself 
better to deep hardenability. There are many references 
in the literature to substantiate this statement, of which 
the following excerpts from a paper by George A. 
Timmons, “Factors Effecting the Ductility of Cast 
Steel,” is especially worthy of note in this connection: 

“The solidification pattern and the degree of segre- 
gation of alloying elements which are dependent upon 
the rate of solidification have been found to exert an 
important influence upon the ductility of a steel casting 
at a given hardness, chiefly through their effects upon 
hardenability and the distribution of microconstituents. 
When a steel is highly segregated, its hardenability is 
lower than for the average composition and a faster rate 
of quench will be required to produce full hardening. 
If the critical quenching rate is not exceeded upon cool- 
ing from the austenitic state, regions rich in alloy con- 
tent will generally transform at temperatures lower 
than those at which transformation will take place in 
the regions less rich in alloying elements. The resulting 
structure will, therefore, consist of two or more micro- 
constituents varying in their mechanical properties 
and distributed in a pattern which resulted from the 
“coring” which took place during solidification. If the 
harder structure is distributed in a network pattern, or 
in any manner which definitely breaks up the continuity 
of the softer, more ductile matrix, plastic deformation 
in the latter will be restricted and the resistance to flow 
will be appreciably increased with respect to fracture. 
The steel in this condition will be susceptible to failure 
in a brittle manner with a low absorption of energy and 
will, therefore, be less fit for service applications in 
which high concentrations of 3-dimensional stress may 
prevail or where the rate of load application is moder- 
ately high. 

When a cast alloy steel which is highly segregated is 
normalized or annealed, there is always the possibility 
that there will result a soft, ductile, matrix which will 
contain wihin it a harder network that will restrict the 
plastic deformation of the matrix, thereby raising the 
flow stress with respect to the resistance to fracture and 
thus decreasing the ductility of the steel. 

The columnar dendritic structure often found at the 
surfaces of steel castings, when sound, has been found to 
possess higher hardenability than the interior, “equi- 
axed,”’ or “granular” structure of the same casting. The 
distribution of the alloying elements is more uniform 
and the solidification pattern is finer. Such a structure, 
when properly heat treated, will possess excellent 
ductility ....” 
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DOES UNDER SEVERE 
OPERATING CONDITIONS 











Rockbestos A.V.C. Power Cable, at left, 
and similarly insulated Motor Lead Cable 
(National Electrical Code, Type AVA) has 
a maximum operating temperature rating of 
110° C. (230° F.) and this permanently in- 
sulated construction: 

1 A tough, rugged asbestos braid, resistant 
to heat, flame, moisture, oil, grease and 
corrosive fumes. 

2 Outer felted asbestos wall, impregnated-——— 
with heat, flame and moisture resistant com- 
pounds, serves as an effective barrier against 

high ambient temperatures and flame. 

3 Lubricated varnished cambric for high 
dielectric strength and added moisture-———— 
resistance, protected from heat, flame and 
oxidation between two felted asbestos walls. 

4 Felted asbestos insulation, also impreg- 

nated with heat, flame and moisture resisting —— 
compounds, withstands conductor heating 
overloads and won’t dry out, bake brittle or 

burn. 

5 The conductor is perfectly and perma- 
nently centered in helically applied insula- ~~ 
tion. 

One of 122 different wires and cables developed 

for severe operating conditions by Rockbestos. 



















ROCKBESTOS A.V.C. 600 VOLT SWITCHBOARD WIRE 
(National Electrical Code, Type AVB) 

Sizes No. 18 to No. 4/0 AWG with varnished cambric 

and impregnated asbestos insulation and gray, black, 

white or colored flameproof braid. 

Combine fire insurance and fine appearance 


y 
i 
; 
in your switchboards with Rockbestos j 
I 
} 


Switchboard Wire. It is fireproof and will not 
dry out under heat. Sharp, clean bends can 
be made without cracking as the asbestos 
wall acts as a cushion under the braid. Rock- 
bestos A.V.C. Hinge Cable and Switchboard 
Bus Cable have the-same fireproof and heat- 
proof characteristics. 





ROCKBESTOS 600 VOLT ALL-ASBESTOS RHEOSTAT 
(National Electrical Code, Type Al) 
Sizes No. 18 AWG to 1,000,000 CM insulated with a 
heavy wall of felted asbestos, covered with a rugged as- 
bestos braid finished in black, white or colors. 
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Here’s the wire you want for all those well-known 
trouble-spots such as soaking pits, forging presses, 
steam tunnels, lehrs, kilns and hot strip mills— 
because it’s designed especially for operation under 
unusually severe conditions—with insulation that 
will stand up through years of trouble-free service. 

Rockbestos A.V.C. has a permanent basic insula- 
tion of impregnated asbestos which will withstand 
temperatures up to 230° F. without baking or 
cracking. It is also resistant to flame, moisture, oil, 
grease and corrosive fumes and won’t rot, bloom, 
flow, swell or de-center. 

Decide now to eliminate expensive wire-failures 
and equipment shut-downs. You'll find a suitable 
wire for every hot-spot location among the 122 stand- 
ard Rockbestos constructions. When ordering or 
inquiring, please furnish CMP allotment symbol and 
certification. For samples and complete information, 


write nearest district office or New Haven. 


ROCKBESTOS PRODUCTS CORPORATION 
973 Nicoll St., New Haven 4, Conn. 


NEW YORK, BUFFALO, CLEVELAND, CHICAGO, PITTSBURGH, ST. LOUIS, 
LOS ANGELES, SAN FRANCISCO, SEATTLE, PORTLAND, ORE. 


Use this power and rheostat cable for wiring 
rheostats, switchboards, elevator and loco- 
motive control panels and electrical equip- * © + 


ment exposed to heat, fumes and fire hazard. 
Also for general open wiring in dry, high 
temperature locations. For solid conductor 
specify Rockbestos Rheostat Wire, Table A. 


THE WIRE WITH PERMANENT INSULATION 





* BUY MORE WAR BONDS «+ 
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W. H. BURR 


ELECTRICAL: SUPERINTENDENT 
LUKENS STEEL COMPANY 
COATESVILLE, PENNSYSVANIA 


A UNQUESTIONABLY the most difficult problem 
facing the steel industry during 1944 was the manpower 
situation. Not only was it the prime factor in limiting 
tonnage output, but it also dictated to a considerable 
degree the type of products to be turned out. Through 
a welter of claims and counter claims, one thing stands 
clear — a sound manpower policy, set up and adhered 
to by properly administered agencies, would have 
resulted in a greater steel tonnage. 

The same shortages which were apparent in 1943 
existed last year although in some cases the emphasis 
was changed slightly. The most difficult problem con- 
tinued to be the supply of plates, but beginning in the 
late second quarter and gaining steadily was the demand 
for large rounds engendered by the heavy shell program. 

Despite manpower shortages, labor troubles, trans- 
portation difficulties and material shortages, the ex- 
panded industry was able to turn out 89,500,000 tons 
of ingots in 1944. This is only a slight gain over the pre- 
ceding year, but it was accomplished with several 
thousand fewer workers and represents what might 
be considered an almost impossible accomplishment. 

There was relatively little new capacity brought 
into operation during the year, in comparison to the 
two preceding years. Considerable additional plate 
capacity, and semifinished capacity to feed it, was 
started in operation, but on the whole, the problem was 
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Develofments IN THE 


IRON AND STEEL INDUSTRY DURING 


1944 


.... this material was prepared by the 
A. I. S. E. Development Committee, of which 
Mr. Burrischairman ... . 


one of refinement and boosted efficiency on the part of | 


existing equipment. 

‘_ There is no doubt that during the entire year the 
accent was on production. Although the industry has 
had an eye to the future, and there has been consider- 


able work done on evaluating the postwar situation § 


of the industry with regard to increased capacity, 
possible markets, manpower requirements and other 


problems, the big job has been to turn out the steel. 9 


For a period in August and September, it appeared 


likely that the postwar problems were going to be laid 7 


on the line very suddenly, and there were some feverish 


preparations, notably paring of inventories and a result- § 
ing break in scrap markets; a wave of inquiries for } 
civilian steel tonnage, which most producers wisely | 
shunted to one side; and the start of cancellation on | 


many limitation orders from governmental circles. How- 
ever, this situation cleared up when the going got tough 
on the road to Berlin, and by the close of the year it 


became apparent that there would still be many months | 


of pressure on production facilities without the aid 
of much civilian tonnage. 

It does seem probable, however, that the makeshifts 
of the industry will be cleared out in the near future. 
Already the new plate mills, plus a drop in the over- 
all plate requirements, have set the stage for a house- 
cleaning of the temporary cooling beds and shear lines 
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One of the new government-owned" blast furnaces which has contributed to overcoming the pig iron shortage in the 


United States. These units are for the greater part capable of independent operation, although located in con- 


junction with existing privately owned plants. 


which have sprung up around some of the strip mills. 
The rail program is clamoring for more space and will 
probably shove some of the billets off the rail mills and 
out of the export markets. 

The little relief from production pressure granted by 
these and other similar moves has already resulted in a 
little more thinking and some action, both intra- and 
inter-companywise, about the new technical develop- 
ments which have been under wraps for the duration 
because they deal with civilian goods to a large degree. 
One example of this has been the new developments in 
tempering sheet and tin mill products. Another is the 
new developments in mill-applied finishes, including 
some of the electroplated metals. The question of 
hardenability and its effect both on steel producing 
and steel buying is getting much wider attention, and 
so, too, are a number of other problems from the ore 
mine to the packing extras. 


BLAST FURNACES 


Despite the fact that capacity increased over 1948 
levels, total iron production was only a million tons 
higher, at 62,000,000 tons for the year. The real answer 
to this situation, which produced a 90 per cent operat- 
ing rate for the year against nearly 98 per cent in 1943, 
was lack of demand. 
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The manpower problem was serious at some points, 
but more iron could have been made had there been a 
market for it. By the third quarter, there were a dozen 
idle stacks with no orders, and by the close of the year 
there were several more added. Admittedly some of 
these stacks were high cost producers which were unable 
to find any customers at high price levels, but the fact 
remains that our capacity to produce iron is once again 
above our capacity to consume it. 

Some of the new stacks which were scheduled to be in 
operation in 1944 have not yet been completed; work 
has been halted because there is no need for their prod- 
ucts. Undoubtedly these stacks will be completed after 
the war and put into operation to replace less efficient 
units which are now operating. 

In contrast to 1943, when there was considerable 
fear that the ore shipped down the lakes would not be 
adequate and the season was prolonged beyond its 
normal close, the 1944 ore shipments were in excess of 
needs and the season closed early. Total shipments 
were 80,200,000 tons, adequate for the industry’s needs, 
and well within the estimated 110,000,000 ton ore 
carrying capacity of the present augmented fleet. 

Despite the ample supply of iron ore at present, there 
has been continual research on beneficiation to make 
use of lower grade ores. During the past year, addi- 
tional reports have been made available on nodulizing 
ore in the rotary kiln, a process which has been in 
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intermittent favor and disfavor for many years. At 
first introduced as a means of bypassing the blast fur- 
nace, it is now recognized to have some merit as a 
method of producing metallics suitable for further 
refinement in the blast furnace. The Bureau of Mines 
program on sponge iron research was continued, with 
most of the activity focused on rotary kiln plants at 
Johnstown, Pennsylvania, and Laramie, Wyoming. 
Although the Bureau hopes to prove eventually that this 
product can be used in place of heavy melting steel in 
the open hearth or electric furnace, there as yet have 
been no positive results in this direction, at least inso- 
far as cost of the raw material is concerned. 

Likewise, operations were started on the direct re- 
duction unit installed at the Warren, Ohio, plant of 
Republic Steel Corporation. It is understood that some 
operational difficulties have been encountered and no 
detailed report has been forthcoming as yet. 

Washing and screening of iron ores, as well as fine 
grinding followed by sintering to obtain high iron con- 
centration, are being studied closely by blast furnace 
operators. Wider use of such materials will undoubtedly 
force a change in blast furnace operation, and some 
experiments along these lines are now being conducted. 
Furnace production varies widely between a soft ore 
burden and a full sinter burden, and changes in practice 
must be established to take care of this variation. 

Moisture control in the air supplied to blast furnaces 
seems to have proven itself definitely advantageous in 
increasing production and in holding consistent an- 
alyses. Active controversy still remains, however, 
between proponents of the very low moisture idea and 
those who favor close control of the moisture at higher 
levels. 

Although European furnaces, notably German, have 
used carbon refractories for some time, it was only 
recently that the first American blast furnace was lined 
with carbon refractories, and it is expected that others 
are to follow. It is quite possible that this may prove 
to be the beginning of a trend toward more widespread 
use of carbon as a blast furnace lining. Carbon has a 
low coefficient of expansion and shows little shrinkage 
in use, which means that stresses caused by uneven 
heating zones would be minimized. There are fewer 
joints in the carbon lining because the size of the re- 
fractory is limited only by the furnace design. 

Several new batteries of byproduct coke ovens were 
contracted for during the year, and some new batteries 
placed in operation. The new units contained several 
batteries which will replace older installations, indi- 
cating a continuation of the trend toward a greater yield 
of byproducts. 

This expansion in byproduct capacity, which pushed 
the annual capacity of the country to 70,000,000 tons, 
with an additional capgcity to come when new units 
are completed, probably rang the death knell for the 
8,000,000 tons of beehive capacity, centered largely in 
Western Pennsylvania. Beehive operations through 
1944 suffered from declining demand and a progressively 
tighter supply of adequate coking coal, and during the 
fourth quarter operated at below 70 per cent of ca- 
pacity, still dropping. 

Importance of coke oven byproducts in the postwar 
period has not been minimized, And additional facilities 
for producing more complex end products were com- 
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pleted and ordered for future completion during ‘he 
year, both by steel operating companies and by public 
utility coke plants. Indicating the strength of this trend, 
one company changed its name to eliminate ‘“‘iron” 
and add “chemical,” although the company during the 
year operated two blast furnaces in addition to its 
coke plant and chemical adjuncts. 


STEELMAKING 


Most of the gain in 1944 steel production over the 
1943 figure came from increased open hearth operations. 
The total of open hearth ingot output was slightly 
under 80,000,000 net tons, while electric furnace steel 
contributed about the same as in 1948 at a little over 
4,000,000 tons, and bessemer output likewise remained 
static at 5,000,000 tons. Highest month in the year was 
March, with a weekly average of 1,765,000 tons of ingots 
from the three sources, a new all-time high. 

The total capacity for open hearth steel production 
is now a little more than 82,000,000 tons. This figure, 
tremendous in comparison with prewar production 
levels, has caused some concern among steelmakers, 
particularly when it seemed probable that war stee| 
demands would be drastically lowered after the fourth 
quarter. It is generally conceded, however, that when 
the pressure for production is off, many currently 
operating open hearths which have outlived their eco- 
nomic usefulness in a free market will be scrapped in 
favor of more concentrated production in the newer, 
more efficient units. It is also true that some of the open 
hearth capacity is so located that its peacetime appli- 
cability will be limited to periods of extremely high 
demand, or will be dependent on establishment of new 
markets geographically favorable to these plants. 

Open hearth melting stock changed in character 
somewhat during the year, with suitable scrap more 
plentiful. The iron-scrap ratio was changed at many 
plants during the year to reduce the quantity of hot 
metal in the charge, and at other points production of 


blown metal or “synthetic scrap” was reduced or § 


eliminated. 

On the technical side, new open hearth developments 
were few. The advances were largely in the field of 
closer control, with considerable work being done on 
the problem of bath temperature and controls on fuel 
and on refractory temperature. 

Automatic temperature control on open hearth roofs 
is now accepted practice on many of the furnaces 
setting production records. Several hundred extra heats 


have been tapped from some of these furnaces with the. | 


roofs still in good condition. Radiation pyrometers are 


aimed at the roof, and when the preset temperature is | 
reached, the heat is automatically cut off. Prevention | 
of overheating is probably the most important factor | 
in increasing the life of open hearth roofs, and this | 


system has proved itself in a number of different in- 
stallations. 

On the maintenance side of the ledger, new wrinkles 
speeding up the maintenance processes and cutting 
down the number of man-hours required for the job pro- 
vided most of the news. One piece of equipment an- 
nounced last year which does both of these things is a 
steam operated vacuum conveyor unit, designed 
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primarily for cleaning checkerwork, flues, stoves, 
as lines and the like. It has proved its effectiveness by 
showing a reduction of as much as 60 per cent in man- 
jours required for cleaning furnaces and by reducing 
the time required for furnace rebuilds, and a consider- 
able number of installations have been made. 

The electric furnace picture showed some new angles 
during the year as a result of declining demand. Lower 
demand resulted in some lower prices in alloy steel 
markets, and also caused a considerable amount of 
thought about the postwar prospects for these steels, 
and in particular, the outlook for stable prices and 
markets. 

It is obvious, of course, that the basic electric furnace 
will be the primary production tool in high alloy, stain- 
less and tool steels. There is not enough of this tonnage, 
however, to keep all the electric furnace capacity en- 
gaged. The obvious next step is to gather in some addi- 
tional high quality steel tonnage now made in open 
hearths. This will require the reduction of the overall 
cost of electric furnace steel to an equal basis with the 
open hearth on the low alloys and high quality carbon 


steel forging grades. 

One possible source of such economies lies in con- 
tinued research on the chemistry of electric furnace 
steelmaking. Considerable work has been done on this 
subject, and researches are continuing. However, the 
gas-slag-metal reactions in the electric furnace are still 
virtually unknown in comparison to the data now avail- 
able on the open hearth, and it is possible that a better 
understanding of the “how” of electric steelmaking 
may completely realign costs. 

It has been found in some cases that the use of roof 
rings of a diameter larger than the furnace shell has 
given the skewback brick added protection by moving 
them farther from the heat sources, with the result that 
overall roof life is increased. Electrode cooling glands 
have also been modified to aid in increasing roof life. 
Water cooling has been extended in some cases to in- 
clude the entire electrode arms, with the idea of extend- 
ing their life. A pneumatically operated electrode clamp, 
in which a spring operated wedge holds the electrode 
securely in place and a pneumatic arrangement releases 
the spring wedge to permit slipping the electrodes when 
desired, is said to offer operating advantages. 

Hydraulic operation of electrodes is available, and 
is said to give smooth, accurate operation, but has not 
been widely adopted. Rather, the trend has been toward 
the rotating type of electrical control. The recent intro- 
duction of electronic regulation for electrode control 
may stop this trend, as no moving or vibrating parts are 
involved and standard electronic tubes provide the dual 
function of control and rectification. This eliminates 
the necessity for providing d-c power for the electrode 
motors. The installation of furnace controls to limit 
current input to the value giving maximum power input 
should aid in increasing operating economy. 


Especially designed for sidewalls, a new refractory 
mix has been developed which is applied by means of a 
gun and which can be applied at temperatures of 
2200 F or below. It is a basic magnesia type refractory, 
and can be applied as soon as the bottom is made up 
in small furnaces. In larger units, some scrap is usually 
charged first. The gun weighs 150 pounds exclusive of 
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the hose and requires about ten minutes to set up. The 
refractory has been used successfully in soaking pits 
and small open hearths. 

The continuous casting will-o-the-wisp seemed to 
come a little closer this year as researches on the two 
most promising methods for steel reported varying 
degrees of success. In the Williams process, steel is 
cast at high lineal speeds by the use of a relatively 
shallow cooling passage surrounding the mold wall. 
Water or other cooling fluid is passed at high velocity 
along the outer surface of the mold wall, which effec- 
tively “‘scrubs”’ the heat away from the wall. 

This fast removal of heat in turn lowers the tempera- 
ture gradient through the mold wall and compels a 
faster flow of heat from the molten metal. The result 
is an increase in the speed of formation and the thickness 
of the ingot skin, enabling it to be drawn along the sur- 
face of the mold at higher speeds without rupture. 










































a 









pu ™ 

Fd <i ee <i 
ae eer a 
. . € ay BF agg 


A 









This battery of 250 ton tilting open hearth furnaces is in- 
stalled in conjunction with electric arc furnaces for 
duplex’ operation. These units are in a DPC plant in 
the Chicago district. 


Plate mills again led other types of finishing mills in 


tonnage. Plate requirements are still close to capacity 
in spite of recent expansions. 
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This process has been built on full scale and has 
made some experimental heats, but there remains a 
number of technical difficulties which must be elimi- 
nated before the process can be termed fully commercial. 
Real progress has been made, however, and the possi- 
bility of ultimate success seems good. 

The second process which appears to have possi- 
bilities is the Goss system, which has cast metal in a 
pilot plant but has yet to be demonstrated on full scale. 
The principles involved in this process are virtually 
the same as in the Williams process, except that a 
special “‘preforming” chamber is used ahead of the cool- 
ing mold, and lubrication is supplied inside the mold 
under pressure. 


ROLLING MILLS 


Rolling mill production patterns in 1944 followed 
closely on 1943 lines. Plates again led all production 
with slightly more than 13,000,000 net tons, closely 
followed by sheet products at about 12,000,000 net 
tons. Bar mills turned out an almost equal tonnage, 
and the tin mills showed a substantial gain over 1943, 
reflecting larger directives and greater production on 
the electrolytic lines. 

New technological developments were relatively 
fewer during the year than in prewar years, as has been 
the case over thé past two years. This was probably due 
to the fact that the heavy expansion program was 
largely completed in 1943, with the exception of some 
plate facilities and a sprinkling of other installations. 

Although the industry in 1944°did not”continue the 
tremendous expansion of the preceding years following 
Pearl Harbor, there was considerable activity aimed at 









































increasing production. This was due primarily to an 
acute eye for detail in ironing out kinks in new equi))- 
ment and refining older mills to produce still more stec |. 
Higher speeds and closer control, with increased use of 
automatic controls keynoted many of the new develo))- 
ments. Cold strip mill speed has now reached 4100 fpmi, 
and 6000 fpm is being seriously considered. Auxiliary 
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exciter mill controls blossomed forth in numerous exist- Bj!" 
ing mills as well as new units. fer 
Probably the outstanding single development in & cla 
rolling mills during 1944 was the introduction of a new | des 
temper mill, a single stand unit based on the principle 9 '"° 
of stretching the strip uniformly while moving at high 9B *"* 
speeds. The design was placed in limited production in hot 
1942 on an experimental basis and one unit was placed § sha 
in full operation in a Youngstown district mill in 1944, Wyre 
In appearance, the unit resembles a conventional 4-high yy ™° 
mill stand, but in reality consists of two 2-high units in § hel 
one stand, one above the other. The strip enters the | re 
aov 


upper 2-high, circles the lower roll and passes between J 
that roll and the upper roll of the bottom 2-high with. 9 P"° 
out pressure, and then leaves the mill through the #§"°° 


bottom 2-high unit. Tension is exerted between the two 9§ 

units, and the method of rolling is said to impart the 

superior temper to the strip while maintaining good we 

ductility. A detailed article on this mill is published else- | ‘ 

where in this issue. bee 

A newly designed vertical precision mill has been stec 

developed which rolls accurate rounds from 34-inch effe 

to 1% inches in diameter. A large percentage of the has 

product can be rolled within cold drawn tolerances, and and 

the mill can be set up so as to edge shapes and flats. chr 

Design of the mill is extremely rigid and simple. The §B*© 
mill stand consists of a pair of vertical rolls located 
immediately after the finishing stand of a conventional 
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mill. The precision stand can be moved horizontally 
to line up the pass line with any pass in the horizontal 
rolls of the finishing stand. The vertical rolls are 12 
i ches in diameter and 15 inches long, and are supported 
yy antifriction roll neck bearings in a cast steel carrier. 
hey are adjustable so as to control product size. 

Although not yet applied to ferrous rolling, the com- 
mercial application of the Krause mill in rolling non- 
ferrous metals is of some interest in that its inventor 
claims the possibility of steel rolling. Of unorthodox 
design, the mill works on a principle of slow forward 
motion and heavy reductions. Rolls of small diameter 
are held in alignment in a cage placed in a reciprocating 
housing. Draft of the pass is determined by wedge 
shaped cam plates inside of the roll housing which is 
reciprocated back and forth by a crank motion. The 
metal is pushed through the mill intermittently, being 
held stationary during that part of the housing stroke 
that the rolls act to squeeze an increment of strip length 
down to the desired gauge. This mill is currently in 
production on brass and copper strip, and has also been 
used experimentally on aluminum. Some very early 
work on an experimental mill showed some promise in 
the rolling of steel (Iron and Steel Engineer, August, 
1938.) 

Over the past few years, considerable progress has 
been made in developing better performance in cast 
steel rolls, due in part to a better understanding of the 
effects of alloys and of cooling rates. Recently the trend 
has been to use several alloys rather than a single alloy, 
and a large proportion of alloy rolls now contain nickel, 
chromium and molybdenum. Three widely used types 
are as follows: 


Blooming and Back-up Shape 

slabbing mills rolls rolls 
Per cent C .90-1.20 .65- .90 1.40-2.25 
Per eee ee ee bee ws .60-1.20 .60-1.00 
Per cent Ni 1.00-2.00 1.50-3.25 -75-1.50 
Per cent Cr .35-1.00 .60-1.10 1.00-1.25 
Per cent Mo .20- .40 .25- .50 .20- .35 


tach of these types offers a range sufficient to meet 
variations as dictated by roll size, hardness, etc., and 
heat treatment is also varied to give the desired char- 
acteristics. 

At least four large strip mills are using a newly de- 
veloped spherical roller bearing to absorb heavy thrust 
loads experienced with back-up rolls supported radially 
by oil-film bearings. The new bearing has high load 
capacity, rolling alignment, and the ability to run at 
sustained high speeds with low friction. The bearings 
are intended for use in all severe duty applications, 
such as the worm thrust in screwdowns, large speed 
reducer units, large high speed pumps and the like. 

Laminated phenolic rings have been used in at least 
one recent installation on the end of the back-up rolls 
to seal the water out of the oil. Pressure against the end 
of the roll barrel at about 10 pounds per square inch 
was supplied by springs placed in counterbored holes. 
This effects a seal so that the water used in cooling 
does not enter the bearings. 

An interesting recent development has been the 
heavy duty flame cutting unit designed to carry special 
orches which can cut ingots and slabs 18 to 50 inches in 


RON AND STEEL ENGINEER, JANUARY, 1945 





thickness, and in some cases even thicker, at speeds 
ranging from 1 to 44 inches per minute. The torches are 
water cooled and of a new design styled to carry ex- 
tremely large volumes of gas per hour. Several billet 
cutting setups are in operation using this machine. 


FINISHING 


The most interesting developments in metal finishing 
during the past year came as byproducts of the elec- 
trolytic tinplate lines. Using a standard line and chang- 
ing only the electrolyte, a high-speed tin line was slowed 
down to produce continuous zinc-coated strip in 
commercial quantities. On similar equipment experi- 
mental work in coating strip with other metals has been 
carried out. A new process has also been developed 
whereby steel strip is coated in coil form with a wide 
variety of plastics, lacquers and synthetic resins. 

Accelerated by the demands of war production, new 
nickel electroplating processes have been developed 
which promise to receive wide application in postwar 
manufacturing to provide a protective and functional 
coating for iron and steel. Plating solutions, operating 
conditions and cycles have been modified so as to pro- 
duce deposits with predetermined physical properties. 

Indeed, electroplating equipment has been developed 
to point a where it is available in “packaged” form, 
completely automatic in operation. Such units are 
composed of mechanisms long in use in plating pro- 
cesses. The assembly into a complete automatic unit 
brings production line economies to the electroplating 
of a wide variety of parts which compose perhaps as 
much as 80 per cent of plating work. 

Continued use of synthetic rubber has been successful 
in a number of applications in strip finishing equip- 
ment. In a bonderizing unit, synthetic rubber rollers 
functioned satisfactorily for 10 months (20,000 tons of 
production) without replacing. Synthetic rubber can be 
so compounded as to give the exact characteristics 
required by the application — resistance to oil, heat or 
chemicals, degree of hardness, etc. This “tailored-to- 
fit” property makes synthetic rubber rollers applicable 
for bonderizing units, tinning lines, strip picklers, 
scrubbers and galvanizing units. 

Interest continues in semi-continuous picklers, several 
of which have been installed in plants of relatively small 
capacity. The term “‘semi-continuous” is used because 
each coil is pushed separately through the respective 
tanks in the line, eliminating the welder, stitcher, loop- 
ing pits and shear, and materially lowering the installa- 
tion cost of the unit. With proper handling facilities, 
pickling lines of this type can be operated by a crew 
consisting only of a foreman, two operators and a crane 
man. Maintenance costs are low because of the simpli- 
fied design and methods of construction. 

To protect wood, steel or masonry surfaces against 
the corrosive action of all commercial acids and alkalies, 
a flexible, impervious coating has been produced having 
a softening point of about 275 F. The material may be 
troweled on or, if diluted, it may be sprayed. It is useful 
as a protective coating for ducts, hoods, piers, structural 
work, etc. in pickling and cleaning departments, and 
may also be used to give an acid-proof, leak-proof mem- 
brane in brick-lined construction of tanks, sewers, 
pits, ete. 
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-FURNACES AND CONTROL 


Because of the magnitude of the shell program, the 
heating problems involved in it have presented the 
industry with its biggest and in some ways its most 
complex furnace job. This program was well under way 
before 1944, but it was during the past year that the 
methods devised to heat and form bombs and shell 
were really proved under volume production. The 
continued heavy demand for these artillery items 
promises that the coming year will see an even further 
expansion of such facilities. In addition to uniform high 





Induction heating is receiving broad application in heat 
treating, melting and forging operations. It has been 
found particularly advantageous in heating for shell 
nosing. 


speed heating, furnaces for shell heating have of neces- 
sity been simple in design and operation so that they 
could be handled by inexperienced help. This has re- 
quired a larger degree of automatic control than ever 
before. The need for speed has resulted in considerable 
use of the induction method of heating for nosing opera- 
tions in the production of shells. The amount of heat 
generated in the end of the shell can be graduated so 
as to obtain a smooth rate of curvature from the body 
of the shell to the end of the nose. 

It seems probable that much of the research work 
on heat treatment, both in the actual heating and in 
cooling cycles, including quench methods, will result 
in a much wider use after the war of the lower alloys 
and carbon steel. Much better procedure has been 
developed to attain and hold better physicals in these 
relatively “‘lean” steels, minimizing the need for expen- 
sive alloys in many applications. 

In connection with the development of rotary and 
continuous forging and heating furnaces on the shell and 
bomb lines, it has been due in a large part to long-lived 
refractories that these furnaces have set production 
records. Special refractories of the alumina-silica type, 
double calcined at temperatures several hundred 
degrees above the maximum operating temperatures, 
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have given campaigns of as long as two years, as com- 
paved with five to seven months for normal refractories. 
Insulating brick, particularly in the rotary furnace 
roofs, have added considerably to the length of service 
which can be obtained without relining. 

Development of new types of porportioning control, 
and more widespread use of this development on heat 
treating furnaces of virtually all types, both batch and 
continuous, has led to a reduction in scaling fron 
atmosphere contamination. Controls of this type usually 
provide flexibility in the supply of fuel, as opposed to 
the on-off or two position control, thus maintaining a 
constant pressure inside of the furnace at all times and 
preventing entrance of outside atmosphere. 

Rapid continuous heating as an adjunct to the 
continuous production line comes a step nearer as a 
result of a newly developed furnace which concentrates 
high heat release in an unusually small heating zone. 
For example, on an early installation of this heating 
method, brass and copper rod is continuously annealed 
in a heating zone only four feet long at a speed of 23 feet 
per minute on 44-inch stock, or two feet per minute 
for 1% inch stock. Stainless steel tubing 34-inch in 
diameter and with a wall thickness of 3;-inch is clean 
annealed at a rate of 13 feet per minute in a gas-fired 
furnace with a heating zone only 13 inches long. The 
heart of the new development is a special gas burner 
which permits combustion of large volumes of gas over 
relatively short periods of time in confined areas. Ex- 
perimental work on steel in sizes up to 8 in. x 8 in. have 
shown extremely rapid heating rates without detriment 
to the material, and it is thought that the method will 
find a number of applications. 

A new wrinkle in strip annealing involves the use of 
a special type of cover furnace with an added heating 
unit extending down from the center of the top. The 
furnace, cylindrical in shape, thus provides heat not 
only to the exterior surface of the coils but also to the 
interior diameter. Because the coils can be heated both 
from inside and outside, a more uniform heating as 
well as more rapid heating is achieved. 

The use of controlled atmosphere furnaces has con- 
tinued to spread in the past year. The technique of 
handling metal in a controlled atmosphere furnace is 
becoming more widely understood, and instead of the 
system whereby commercial heat treaters were called 
upon to do this type of work on contract, an increasing 
number of manufacturers have established their own 
departments, headed by trained technicians, to do 
almost any type of heat treating required. This has 
probably been spurred by increased knowledge of what 
a proper furnace atmosphere will accomplish. In a pre- 
pared furnace atmosphere, all types of alloy or straight 
carbon steels may be annealed on long cycles without 
either oxidation or decarburization. Many applications 
of prepared atmospheres use a commercial fuel gas 
burned under controlled conditions with subsequent 
thorough removal of carbon dioxide and water vapor. 
The resultant gas, inert and nonexplosive, contains a 
high percentage of pure dry nitrogen, with just enough 
combustible to react with impurities in the furnace. 

The amounts of oxygen and combustible present in a 
gaseous atmosphere may be determined and recorded 
by an instrument which can also be used as a con- 
troller. To measure the oxygen content, an analyzer 
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un't mixes a sample of the gas with the vapor from a 
standardized liquid fuel. Catalytic combustion of the 
mixture on a metal filament burns the oxygen from the 
sample, and the heat developed by this combustion 
changes the electrical resistance of the filament, which 
is in turn measured in terms of excess air by an elec- 
tronic type recorder. A second unit located in the same 
recorder measures the combustible content of the same 
gas by burning catalytically on a second metal filament 
the combustible. In this case, no fuel is added to the 
simple. Records of both the oxygen content and the 
combustible content may be made on the same chart. 
Other oxygen recorders based on different principles 
have also been developed over the past year or more. 

Overcoming the difficulty often experienced in con- 
tinuous furnaces from cold spots caused by the metal 
skid rails or pipes, the use of skid rails of silicon carbide 
is also said to improve furnace efficiency, and a number 
of installations have been made. These refractory rails 
replace either alloy rails or water cooled pipes. Advan- 
tages claimed include longer life, reduced maintenance, 
elimination of cold spots and lower installation cost. 

As a means of reducing the time required for rebuild- 
ing furnaces, insulating refractories are now made in 
standard sizes up to 9 x 24 inches, more than five times 
as large as standard brick. The refractories are made 
from a high quality clay rendered porous by burning 
out an organic filler, as usual in material of this type. 
These products, manufactured in various grades for use 
at varying temperatures, can be used wherever the regu- 
lar insulating firebrick is recommended. The large sizes 
assure fast, economical installation, with a minimum of 
joints. The material can be easily cut with a saw and 
shaped with a rasp, making easy the formation of 


special shapes. 
MATERIALS HANDLING 


Returning to the shell program mentioned previously 
in this report, it should be noted that a large percentage 


The use of controlled fur- 
nace atmospheres has in- 
creased, and scaling and 
decarburization thus 
markedly reduced even 
over extended heating cy- 
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of the demand has been for 8-inch and 240 mm. shells, 
either of which is too heavy for an able bodied workman 
to handle constantly. In addition, it must be remem- 
bered that most of these shell lines are handled by 
women or pre-draft age boys. The natural result of this 
situation has been the development of a large number 
of special handling devices, including lifts, transfers, 
hoists and conveyors to cope with the problem. 

This specialized handling job has by no means been 
the only direction in which new developments have 
been made. The control systems on overhead handling 
devices, always a fertile field, have been further refined 
in the past year to increase speed, safety and flexibility. 
To handle heavy loads over long distances at low speeds, 
a new hoist controller has been developed. It is a selec- 
tive system, giving dynamic control for contra-torque 
lowering to meet all requirements. For handling loads, 
including light loads which do not overhaul, the con- 
troller allows lowering at full speed with slow-down and 
accurate inching for landing the load with dynamic 
braking. For handling heavy loads at reduced speed 
through long distances, the operator pushes a push- 
button in the handle of his master switch which in- 
stantly converts the controller to contra-torque lowering 
connections. 

Another new electric hoist drive for cranes, the im- 
portant feature of which is an exciter embodying a 
cross-flux principle, has been developed recently. The 
new drive system not only automatically weighs the load 
so that it is hoisted and lowered at the maximum safe 
speed, but also it prevents handling dangerous over- 
loads. Although the new system is not advocated for use 
in all types of cranes, it is particularly applicable to 
important cranes requiring the utmost safety in hoist- 
ing and lowering heavy loads, combined with high 
speeds when handling light loads and the empty hook, 
such as applications encountered in the average steel 
mill. 

The problem of handling hot metal quickly and safely 
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is always a difficult one, and hot metal transfer cars are 
constantly being redesigned to help solve it. One of the 
newer jobs designed for use with an electric locomotive 
is equipped with a cab for the operator, containing a 
separate controller so the operator can be at the head of 
the train regardless of the direction it is traveling. The 
unit is of all-welded construction and the ladle is mount- 
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mum of joints. 





ed on forged steel trunnions. The controller is a dupli- 
cate of the locomotive controller, and is connected by 
a 19-wire cable to the locomotive. 

The use of stronger windings in lifting magnets has 
given good operating results in a number of plants. They 
have demonstrated advantages in handling coils having 
uneven tops, in loading scrap into charging boxes, in 
handling pig iron, billets and ingots, and with the use 
of a thermally insulated bottom, in handling hot 
materials. These extra strength magnets may be built 
in smaller sizes for a given lift, or, for a given size, will 
take larger lifts. 


MECHANICAL DEVELOPMENTS 


Advances in casting technique have resulted in new 
precision in high strength castings, completely free from 
flaws. This has made it possible to cast to close shape 
many precision steel products which formerly required 
heavy volume of machining. Tool steels in a wide variety 
of analyses are now being cast to shape for a wide range 
of applications, such as dies, forming tools, glass molds, 
gages, hobs, cams and the like, with pronounced savings 
of time, labor and material. Such castings require only 
a minimum of machine finishing, and are furnished in 
the annealed condition so as to minimize machining 
difficulties. 

A recent development in boiler water conditioning 
uses synthetically produced chemicals to form an 
antifoam or “‘smooth boiling” treatment, superior and 
more effective than old type treatments based on the 
use of castor oil. Tests have shown the new material to 
be especially advantageous in steel plant boilers where 
the load fluctuates rapidly. Carryover from frothing, 


foaming, or violent boiling is materially reduced. Yard 
locomotives are also benefited by this treatment, par. 
ticularly when irregular blowdowns do not permit 
proper control of solids in the boiler water. 

Use of metal spraying for repair and maintenance 
work where tensile strength is not a factor has been | 
gaining wider acceptance. The process requires proper 
technique and its application is limited, but used 
properly it has become an accepted maintenance tool | 
and has resulted in considerable salvage. 

Containing no moving parts, and requiring no 
cocks, traps or shutoffs, a device has been developed to 
remove automatically and continually all condensate 
from compressed air or gas lines. The device uses two | 
porous ceramic tubes, one inherently water repellent, 
the other water-permeable but air-impervious. The air 
or gas first passes through the water repellent tube, a 9 
coarse ceramic material averaging 50,000 pore openings | 
per square inch, where the moisture coalesces on the sur- | 
face, then drops to the bottom of the unit and passes 
through the second tube, which is made of microporous 
porcelain, averaging 720,000,000 pore openings per | 
square inch. Since air will not pass this tube, no pressure | 
is lost. 

While these units have to date been developed only in 
the smaller sizes (up to 1)4-inch pipe diameter) other 
units are now being perfected to handle greater ca- 
pacities. With the huge quantities of compressed air 
used in steel plants and the great amount of trouble J 
caused by moisture in the air, the usefulness of these 
devices is immediately apparent. 

Another development announced during the year is 
the air-cooled worm gear speed reducer, wherein air from 
a fan mounted on the worm shaft is circulated over the 
outer ribbed surface of the oil reservoir. With this forced 
cooling it is possible to transmit twice as much power 
for a given size of reducer at usual motor speeds. 

A double coupler device has been applied to a diesel- 
electric locomotive so as to permit switching both 


































This installation is the first twin motor drive to be installed 
on a plate mill, although the idea has been used on 
slabbing mills for some years. 
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.tandard railroad cars and special mill equipment. 
| sing the device, one locomotive can handle different 
types of cars which might otherwise require separate 
haulage equipment. In this new design, two couplers 
of the friction draft gear type are mounted one above 
the other. The top coupler is set at the standard 344% 
inch height, while the bottom is at 1934 inches. Both 
couplers are worked by the same handle. Either coupler 
may be swung aside to permit the other to work singly. 
This combination design offers savings in rail power 
equipment, time and manpower. 

An operating valve which is finding wide acceptance 
in war plants uses a reversible rubber seating element 
capable of absorbing foreign particles in the water 
which otherwise might hold the valve open and permit 
erosion of the valve seat. Another feature of these valves 
is the fact that all parts can be removed from the 
cylinders and replaced without disconnecting the pip- 
ing. Hence, maintenance on these valves is quite low. 
Valves of this type are made in a wide range of sizes 
and types which cover almost any application in the 
steel plant. 

The addition of extreme pressure additives to oils 
makes it possible to use lighter bodied lubricants where 
desirable and still carry heavy loads without breaking 
down. A series of ten new lubricants, varying in vis- 
cosity from 300 seconds Saybolt universal at 100 F to 
970 seconds Saybolt universal at 210 F. These products 
are resistant to oxidation and thickening at elevated 
temperatures, and are highly resistant to foaming. The 
properties are obtained through the use of special ex- 
treme pressure additives and a lead soap developed 
for the purpose. 

A series of steel mill greases testing well over 60 on 
the Timken machine have been introduced for heavy 
duty bearing applications. Exceptional adhesive quali- 
ties are combined with the extreme pressure character- 
istics to make for lower operating temperatures and 
longer roll neck life. 

Several companies in the past year have brought out 
new lines of mill lubricants with additives which act as 
rust inhibitors without increasing oxidation, foaming or 
the production of oil-water emulsions. Use of these oils 
has been found highly successful, particularly in 
applications calling for intermittent operations, where 
bearings showed rust during the down periods. 


Great strides have been made over the past few years 
in rust preventives necessitated by our extensive ship- 
ments of machines and component parts over the entire 
world. Ocean voyages and climates ranging from arctic 
to tropical quickly showed the need for perfect protec- 
tion. Ordinary lubricating oils and greases are not 
suitable for rust preventives for any length of time 
because of their inability to thoroughly wet the surface 
and form an effective moisture barrier. Combinations 
of various compounds are usually resorted to, so that 
an adhesive protective film is present at all times. 
Different grades of rust preventives are available for 
the many applications, ranging from a light viscosity 
fluid used as a primary coating or for coatings for brief 
storage indoors, to a heavy grease-like substance in- 
tended for an enduring coating for exposed surfaces. 
An essential point in rust preventive selection is its 
ease of removal under the conditions which will prevail 
at the point of removal. 














Electronic speed regulators, of extreme sensitivity, wil 
automatically hold motor speed constant at any pre- 
set value. 


ELECTRICAL DEVELOPMENTS 


With the great rush of the capacity expansion over, 
steel men are deeply engrossed in reviewing operations 
with a view to modifications to be made in the post war 
era. During the drive for production, there has been 
considerable interest in methods of increasing the 
capacity of existing drives, and this trend can be ex- 
pected to continue. Likewise, it seems evident that 
there will be great activity in new designs and in the 
rehabilitation of old equipment to further the economy 
of production. 

The past year witnessed the completion and starting 
of almost all of the new mills in the United States. Most 
of the new mill drives now under construction are for 
foreign delivery or for non-ferrous mills. Several unusual 
developments, however, are to be noted in main roll 
drives. A twin double armature drive rated at 12,000 hp, 
70/140 rpm, was designed with a very low armature 
WR, as a replacement for a steam engine driving a 
record-making blooming mill. In order to take full 
advantage of this motor design, a motor-generator set 
was also designed, using low voltage fields and laminated 
field structures so as to obtain fast voltage reversal. 
This combination can equal the 100 rpm per sec rate 
of acceleration and deceleration of the steam engine 
and also provides a materially greater torque. 

Another unusual drive going into operation last year 
is a twin-motor installation on a four-high 160 in. plate 
mill. Although previously used on large slabbing mills, 
this is the first application on a plate mill. Operating 
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experience has shown that the two motors are synchron- 
ized closely enough to meet all requirements. Smooth 
operation is obtained with little backlash and there is 
of course no possibility of having pinion marks on the 
plate. 

Faster operations on temper mills have made news 
during the past year, and in one case the installation of 
new electrical equipment raised the top speed from the 
original 1565 fpm to a present 3300 fpm. 

A trend is noted toward the production of very thin 
strip. One plant is regularly producing strip 13 in. x 
.0015 in. on a reversing cold cluster mill. Operations of 
this nature require very accurate control of the mill 
over the entire speed range to avoid tearing the thin 
strip. 

The auxiliary regulating exciter of special character- 
istics has, under several trade names, continued its path 
of acceptance in an ever widening field of applications 
of variable voltage control. One new application is the 
ingot buggy, where the smooth, uniform application of 
torque permits maximum rates of acceleration and 
deceleration. The device is said to increase operating 
speed, while the size and number of control units are 
reduced, with corresponding reduction in maintenance 
and delays. One installation of this type is provided 
with a photoelectric signal system so that the pulpit 


Typical motor generator set of 500 kw capacity for supply- 
ing 3000 cycle current for induction heating. 





























Typical dispatching board for supervisory control of steel plant power system. 
Front view is shown at left, rear view at right. 








switches which function to move the buggy automati- 
cally to the preselected loading position. 

Other applications include reversing motor drive 
controls on blooming, slabbing and plate mills, speed 


regulation, flying shear synchronization and gauging, 9 





operator can easily bring the buggy to the proper load- 
ing position. A second installation has magnetic limit § 


adjustable voltage drive for the thrust block of piercing J 


mills, adjustable voltage control for drawbenches, 
adjustable voltage controls for mill tables, screwdowns 
and sideguards, electrode control for are furnaces, ten- 
sion controls, and many miscellaneous uses. 


The growing use of electronic controls is to be noted 


from the various announcements over the past year, and § 


it is safe to say that their application will grow, perhaps, 


under the impetus of current publicity, even to ill 


advised uses. 


A novel wire drawing equipment is being built which 
involves a 40 hp, 690/1380 rpm motor, which is con- 


ms 


trolled during acceleration and deceleration with voltage 
maintenance and current limit features provided by | 


electronic equipment. 

There has been considerable activity in connection 
with various types of processing lines, including shear- 
ing, trimming, slitting, pickling, galvanizing, cleaning 


and plating lines. A new type of reel alignment control | 


has been developed using the transmitted light system 
rather than the reflected light system. In connection 
with two tinning lines, speed regulators employing 


auxiliary exciters of special characteristics have been J 
added for maintaining constant strip speed in the plat- 
ing sections, regardless of external factors. There has } 


also been developed an electronic system for con- 


tinuously recording plating thickness, based on speed | 


of the strip and volume of the plating current. A new 
supersensitive pinhole detector will detect 5 mil holes 
at 600 fpm. It operates with a much narrower beam of 
light than older models, and the light intensity has been 


increased and applied through an improved optical | 


system. 


Two installations of supervisory control for the 
power system were made in steel plants during the past 
year (Iron and Steel Engineer, March, 1944). One 
installation is used to control the 22 kv distribution 
system. Feeders from two power houses, outgoing 
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feeders to three adjacent plants, and six plant sub- 
tations are all controlled from a central dispatcher’s 
station. The second installation provides complete 
supervision and control of all the main circuits of a large 
plant. This plant has eleven substations in addition to 
a main incoming station. All stations are unattended 
and all power, a-c and d-c, as well as the rotating equip- 
ment for main drives and auxiliaries, are under the con- 
trol of the dispatcher. 

Although not a new idea, dry type transformers have 
come into more general use during the past few years 
and are now available in capacities up to 7500 kva, with 
voltages up to as much as 15,000 volts. The use of 
class B insulation permitted such units to be designed 
for a temperature rise of 80 C, and recent develop- 
ment of resin impregnation of windings, together with 
ceramic wire coatings, may permit even higher operat- 
ing temperatures. Smaller sizes of dry type transformers 
are usually totally enclosed so as to be drip-proof and 
weather resistant. Large sizes are generally equipped 
with forced cooling, using a blower and an air filter. 

The growing acceptance of rectifiers has resulted in 
a marked increase in installations, both for general 
purpose 250 volt d-c power supply and for 600-700 volt 
d-c for adjustable speed mill drives. The 7000 kw unit 
which is to operate in parallel with motor-generator sets 
for supplying power to a hot strip mill has not yet been 
put into service. 

The 20,000 kw electronic frequency converter for 
the interchange of power between 25 cycle and 60 cycle 
power systems is now in operation and has met all 
expectations. A paper dealing with this installation is 
published in this issue of the Iron and Steel Engineer. 

A considerable extension of storage battery life is 
promised for units using fabricated glass tape insulation 
to completely encase the positive plates. The tape is 
wrapped around the plates in a double layer, and is said 
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frequency current to be 








to have better retentive power in holding the active 
material in the plate than does the standard glass mat. 
Also, by completely encasing the grid frames the rate 
of peroxidation of the grids is decreased. Both of these 
developments contribute to longer battery life, and the 
new design has shown about 30 per cent longer life in 
both laboratory and field tests. 

As a result of experience with many installations 
during the past few years, considerable improvement 
has been made in air conditioning units for crane cabs 
and pulpits. Recent models emphasize speed of installa- 
tion, simplicity, efficient performance, accessibility, and 
low maintenance. Units are so designed as to meet 
practically every condition of installation. Interest in 
air conditioning has mounted steadily, and the equip- 
ment is being used by steel mills, foundries, forge shops, 
nickel and copper reduction plants and wherever ex- 
cessive temperature, gas, smoke and vapors combine 
to make working conditions unbearable. The units 
completely filter smoke, vapors, gases and dust from 
the air and deliver clean air, heated or cooled as needed, 
at a rate of one complete change per minute. 

An improved design of combination service and 
parking brake makes the unit more compact and readily 
adaptable to the various types of industrial crane and 
transfer equipment. This brake provides foot con- 
trolled braking for service stops, spring set braking for 
parking, and automatic full load braking to bring the 
crane to a gradual stop in event of power failure or in 
case the crane is moved beyond desired limits. A com- 
pact hydraulic cylinder is used in the new design to 
release the parking brake in place of the solenoid 
previously used. 

War conditions have placed an unprecedented load 
upon the carbon brush industry. Some manufacturers 
have had to increase output three or four times their 
normal production. In addition to this, considerable 
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research was required to keep up with the developments 
in electrical equipment. For example, literally thousands 
of motors are being built for 28 volts, which was practi- 
cally unheard of before the war, and which requires 
new grades of brushes. Again, ordinary brushes were 
found to wear excessively when operated in airplanes 
at high altitudes. Here again, development work was 
required to develop a satisfactory brush. 


A new instrument has been developed which detects 
differences in magnetic properties of ferrous material. 
Inasmuch as the magnetic properties of such material 
vary with the composition and hardness, the instrument 
is useful in checking composition, heat treatment, 
carburization, decarburization and the like. It is based 
on the principle that the inductance of an a-c coil de- 
pends on the permeability of the ferrous material of its 





core. If the permeability changes, the inductance 


changes. Thus, after calibration with two pieces 
of material known to be acceptable, an acceptable part 
is left in the coil of the instrument while the parts to he 
tested are placed, one at a time, in a second coil. A com- 
parison of the two inductances thus shows any differ- 
ence in the two parts. Of course the instrument will 
separate on the basis of a single factor only if all other 
factors are held constant. 

Induction heating is being widely applied in heat | 
treating, melting and forging operations. In some cases 
the demand for high frequency power has reached a 
point where such power is distributed from a centralized 
bus and as many as four 600 kw, 3000 cycle generators 
are operated in parallel. Further experimental work is 
under way with the view to the use of frequencies of 
200,000-450,000 cycles, using oscillator tube generators. 











ELECTRIC MOTORS OVER THREE HUNDRED HORSEPOWE 
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DURING 1944 
Horse- Revolutions Method 
Item power per minute Volts Frequency of drive Kind of mill Purchaser Location Manufacturer 
350 600 2200 60t red Merchant mill train Mineracao Geral De Brasil, Ltda. Sao Paulo, Brazil General Electric 
350 400/1150 250 d-c Direct Non-reversing cold strip mill Revere Copper and Brass Company New ord, Massachusetts General Electri 
350 375/750 230 d-c Geared Tube reels Pittsburgh Steel Company Allenport, Pennsylvania Westinghouse 
400 480/800 250 d-c Geared Steckel mill Thomas Steel Company Warren, Ohio General Electri 
400 480/800 2200 60t Geared Merchant mill train Mineracao Geral De Brasil, Ltda. Sao Paulo, Brazil General Electric 
400 720 2200 60t Geared Merchant mill train Mineracao Geral De Brazil, Ltda Sao Paulo, Brazil General Electric 
500/150 600/231 440 50t Geared Merchant and bar mill Fernando Garcia and Prudencio Mexico Westinghouse 
500 514 4160 60* Geared Copper rod break-down mill Riverside Metals Company Riverside, New Jersey Westinghouse 
500 250/750 600 d-c Geared $4 in. cold mill reel Altos Hornos De Mexico, SA Munclova, Conhuila, Mexico General Electric § 
500 250/750 600 d-c Geared $4 in. cold mill reel Altos Hornos De Mexico, SA Munclova, Conhuila, Mexico General Electric § 
500 250/750 600 d-c Geared 44 in. cold mill reel Altos Hornos De Mexico, SA Munclova, Conhuila, Mexico General Electri 
500 250/750 600 d-c Geared 44 in. cold mill reel Altos Hornos De — SA Munclova, Conhuila, Mexico General Electric 
500 575/1150 600 d-c Geared Sendzimir mill merase Ge — and Brass Company, Chicago, Illinois Allis-Chalmers 
a or’ 
500 514 2200 60* Direct Tube rolling mill Globe Steel Tubes Company Milwaukee, Wisconsin Allis-Chalmers 
600 720 2300 60* Geared Copper rod mill General Cable Company Rome, New York General Electric 
600 720 2200 60+ Geared Merchant mill train Mineracao Geral De Brasil, Ltda. Sao Paulo, Brazil General Electric 
600 600 2200 60t Direct Non-reversing brass mill American Brass Company Torrington, Connecticut General Electr 
1250/625 720/360 2300 60* Geared rass piercing mill Revere Copper and Brass Company _ Baltimore, Maryland Westinghouse 
1250 600 4000 60* Geared 2-high cold break-down mill Bristol Brass Company Bristol, Connecticut General Electric 
1500 500 2200 25* Direct Piercing mill American Brass Company Buffalo, New York . General Electric 
1500 200/400 600 d-c Direct $4 in. reversing cold mill Altos Hornos De Mexico, SA Monclava, Conhuila, Mexico General Electric 
1500 150/300 600 d-c Direct 44 in. reversing cold mill Altos Hornos De Mexico, SA Monclava, Conhuila, Mexico General Electric 
1750 120 2200 60* Direct Piercing mill Globe Steel Tubes Company Milwaukee, Wisconsin Allis-Chalmers 
3000 175/350 600 d-c Direct 56 in. hot strip mill Steel Company of Canada Hamilton, Ontario, Canada General! Electric 
3500 150/300 600 d-c Direct 56 in. hot strip mill Steel Company of Canada Hamilton, Ontario, Canada General Electric 
3500 170/350 600 d-e Geared 56 in. hot strip mill Steel Company of Canada Hamilton, Ontario, Canada General Electric 
3500 170/350 600 d-c Geared 56 in. hot strip mill Steel Company of Canada Hamilton, Ontario, Canada General Electric 
$500 170/350 600 d-e Geared 56 in. hot strip mill Steel Company of Canada Hamilton, Ontario, Canada General Electric 
3500 170/350 600 d-c Geared 56 in. hot strip mill Steel Company of Canada Hamilton, Ontario, Canada General Electric 
4000/2000 514/257 6600 60* Geared Seamless tube piercing mill Pittsburgh Steel Company Allenport, Pennsylvania Westinghouse 
7000 §=60/40/100 700 d-c Direct 44 in. blooming mill ussia Allis-Chalmers 
“Synchronous tInduction 
Number Total 
Company ° Location Type of mill of motors horsepower 
Altos Hornos De Mexico, SA Munclova, Conhuila, Mexico $4 in. cold mill 2500 
44 in. cold mill 3 2500 
American Brass Company Buffalo, New York Non-reversing brass mill 1 600 
Torrington, Connecticut Piercing mill 1 1500 
Bristol Brass Compan Bristol, Connecticut Two-high cold breakdown 1 1250 
Fernando Garcia and Prudencio Mexico Merchant and bar mill 1 500 
General Cables Company Rome, New York Copper rod mill 1 600 
Globe Steel Tubes Company Milwaukee, Wisconsin Piercing mill 1 1750 
Tube rolling mill 1 500 
Mineracao Geral De Brasil, Ltda. Sao Paulo, Brazil Merchant mill 4 1750 
Pittsburgh Steel Company Allenport, Pennsylvania Piercing mill 1 4000 
Tube reels 1 350 
Revere Copper and Brass Company New Bedford, Massachusetts Non-reversing cold strip mill 1 350 
Sendzimer mi 1 500 
Brass pores mill 1 1250 
Riverside Metals Company Riverside, New Jersey Copper rod breakdown mill 1 500 
ussia 44 in. blooming mill 1 7000 
Thomas Steel Company Warren, Ohio Steckel mill 1 400 
Steel Company of Canada Hamilton, Ontario, Canada 56 in. hot strip mill 6 500 
Number Total 
Types of motors purchased motors horsepower 
IIS oS)... cenuldcatcncsed ptererececeepecensncdieee pia wiahats ited tas dso oe” ae 14,200 
eR As es CAEN ES GS Obed ede bese sedda cease les Codes Urdus'sereee 17 34,100 
ho rent CU o cknc chr iudhbeeedapeVasedh dst avn. osanh.daeMeaeh gee oe6 $1 48,300 
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THE Yeon aud Steel iNDUSTRY 
ON THE Ucagara Prouticn 


....+ though not a pioneer in the American 
iron industry, the Niagara Frontier now has 
a considerable steel capacity, including some 
outstanding examples of modern plant design 


by €. F. ENTWISLE 


GENERAL MANAGER 
BETHLEHEM STEEL COMPANY 
LACKAWANNA, NEW YORK 


A FOR the purposes of this discussion, the Niagara 
Frontier is the area bordering the Niagara River and 
the eastern end of Lake Erie, and located in Erie and 
Niagara Counties of the State of New York. It embraces 
about fifty miles of shore line with Buffalo at the ap- 
proximate center. The district can make no claim to 
pioneering the iron industry on the American continent, 
for Buffalo, as a white settlement, did not exist until 
after the War for Independence, and such iron produc- 
tion as the colonies boasted at that time all came from 
the eastern seaboard. Buffalo was not settled by other 
than the Indians until 1784 and history does not record 
that any attempts were made to establish the iron 
industry here until many years after that date. 

Buffalo’s development as an important point in the 
growing young Republic sprang from the fact that it 
was the eastern terminus of navigation on the Great 
Lakes, and, naturally, a transfer point for much trade 
between the east and the west. That it was recognized 
as the best route to the west was attested to by the con- 
struction, in 1825, of the Erie Canal, a monumental 
achievement of its time. This added substantially to 
Buffalo’s advantages as a trading center and it rapidly 
became a major transfer point of immigration and 
commerce. 


Presented before A. |. S. E. Buffalo District Sectioe Meeting, October 10, 1944. 
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The pioneers in railroad building were quick to 
recognize Buffalo’s advantageous trading position and 
the first railroad was built in 1836, and the Frontier soon 
became a year round commerce center. The first grain 
elevator was built in 1842 and since those early dates, 
when a half million bushels of grain were brought here 
annually by water, this commerce has grown to over 
300,000,000 bushels, handled by eighteen mammoth 
elevators and eleven major trunk line railroads. Today, 
Buffalo’s fine harbor handles upward of 20,000,000 tons 
annually. 

Such a trading center naturally attracted |to it 
correlated manufacturing enterprises but steam trans- 
portation and milling are still the Frontier’s major 
peacetime industries with Buffalo often referred to as 
the largest milling and second largest railroad center 
in the country. 

Of major importance in the development of other 
manufacturing industries on the Frontier were the dis- 
covery of the enormous ore supply of the Lake Superior 
region in 1844 (although not utilized to a great extent 
for many years), and the development of electric power 
from Niagara Falls in 1896. There are 340 industries 
classified as manufacturing in the United States and 
more than 70 per cent of this number are among the 
normal peacetime activities of the Frontier. 

Against this briefly described background of the 
natural general development of the Frontier, let us place 
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the pattern of the development of the iron and steel 
industry here. The location, measured in the terms of 
19th century requisites for a profitable iron business, 
was not a “natural.”” None of the major materials 
needed, other than limestone, existed in the vicinity. 
The successful plants were those located immediately 
adjacent to either the ore or the fuel, or both. The 
Frontier lacked both, and while there was a market here 
for iron and steel products, created by the growing 
railroad and lake vessel building and the flow of com- 
merce through the port of Buffalo — and while for a 
period in the 60s and ’70s Buffalo’s iron mills were well 
known throughout the country — the Frontier did not 
prior to 1900, make a spectacular contribution to the 
steel industry such as was made by, for example, 
Pennsylvania. 

Nevertheless, there were pioneers who took advantage 
of the market created here for iron and with the advan- 
tages of lake, canal and railroad transportation for both 
the assembly of raw or semi-finished materials and the 
distribution of finished products, built plants that 
contributed substantially to the development of the 
iron industry and to the development of the country. 

History records the ventures of many companies that 
took a part in the various phases of the metals industry 
and trade here, but to six larger interests, three of which 
were concerned principally with iron and three with 
steel, must go the principal credit for the development 
of the industry on the Niagara Frontier. In tracing the 
accomplishments of each of these separately, a certain 
sense of continuity is lost as compared to a purely 
chronological recital of events, but I believe the overall 
picture is somewhat more interesting when put together 
by the first method. 

Probably the most colorful, and certainly the ones 
that have continued through the longest period, are the 
activities of the Pratt and the Letchworth families. The 
Pratt family came to Buffalo very early in its history 
and members of the family took prominent parts in the 
development and administration of the growing settle- 
ment. From the third generation of the family came 
Samuel F. Pratt who in 1822 entered the hardware shop 
of his cousins, George and Thaddeus Weed. By 1831 
the company became Weed and Pratt. In 1836 Pratt 
bought out the Weed interests and took his younger 
brother, Pascal P. Pratt, into partnership. In 1846 
Edward P. Beals became a junior partner and the name 
of the firm Pratt and Company. Their early business 
was principally as importers and dealers in hardware 
and metals. They traded in bar iron, sheet iron, railroad 
and contractors supplies, wire, farming implements, 
coach and saddlery ware and mechanics tools. The 
company ranked second in the country in volume of iron 
trade and was considered the largest hardware store 
in the world. 

In 1848, Pascal Pratt persuaded William P. Letch- 
worth, of New York, prominent in a firm engaged in 
the manufacture and sale of saddlery hardware, to come 
to Buffalo and in that year the partnership of Pratt 
and Letchworth was formed. The new company dealt 
solely with saddlery and carriage hardware and was 
organized as a separate business from the hardware 
store of Pratt and Company. 

I have given this somewhat detail history because 
the activities of both Pratt and Company and Pratt and 
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Letchworth were interwoven with many of the early 
activities in the use and manufacture of metals of the 


Niagara Frontier, and while some of the projects are | 


listed under one name and some under the other, the 
interests generally were common and were a_ pr- 
dominating influence in the development of the iron 
industry here. 

Leaving the Pratt interests for a moment, history 
records that prior to 1826 a blacksmith shop was the 
only activity in the metal trades here other than 
merchandising. In 1826 Beals-Mayhew Company built 
the first iron foundry and machine shop. In 1838 the 
Justin Forge was built at the Black Rock Dam. In 1841 
the Buffalo Engine Works was built to produce steam 
engines for lake boats. 

In 1846 the Buffalo Rolling Mill and Iron Works 
was built by Corns and Company of Pittsburgh. The 
installation here was probably influenced by the large 
amount of metal business done by the Pratt interests, 
but there is little available history on the plant’s first 
eleven years of operation. The mill manufactured nails 
and bar iron from puddled iron brought here from the 
east on the Erie Canal. 

In the meanwhile, in 1848, the Pratt and Letchworth 
partnership had been formed. In 1849, the Howard Iron 
Works was organized and in 1850 the Niagara Forge, 
the second in the district, had been built. In 1852 the 
E. and B. Holmes Machine Corporation commenced 
the building of steam engines. 

In 1857, Pascal P. Pratt purchased the Buffalo Roll- 
ing Mill and Iron Works, and in 1859 built an addition 
to it and changed the name to the Buffalo Iron and Nail 
Works. The additions not only increased capacity 
greatly, but included sixteen puddling furnaces — the 
first in the district. There were also nine heating fur- 
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naces, seven trains of rolls, fifty nail forming machines | 


and a large blacksmith and millwright shop. These 
works were among the largest of their kind in the world 
at the time and employed about 500 men. They pro- 
duced iron bars, nails, spikes, band iron and iron plate. 
They consumed annually about 14,000 tons of coal, 
3000 cords of wood, 8000 tons of pig, scrap and bloom 
iron, and 600 tons of iron ore. 

In 1854 Pratt and Letchworth had purchased the 
Buffalo Car Company (date of formation unknown) 
and converted the plant into an iron and brass foundry 
for the production of hames, saddlery and coach ware. 
In 1860 they built a second foundry adjoining the old 
one for the manufacture of malleable castings, a busi- 
ness in which they were pioneers. This venture was 


called the Buffalo Steel Company. In 1861 it produced | 


the first crucible steel made in the district. 

In 1863, Pratt and Company built the Fletcher blast 
furnace at Black Rock principally to furnish iron to its 
affiliates, the Buffalo Iron and Nail Works and the 
Buffalo Steel Company. It used anthracite coal for fuel, 
ore from McKean County, Pennsylvania, and produced 
25 tons of pig iron daily. In 1881 the furnace was rebuilt 
and converted to the first coke-fired furnace in New 
York State. It was abandoned in 1885. 


In 1872, Pratt organized the Niagara River Iron Com- 
pany to build and operate a second Fletcher furnace 
near North Tonawanda. The furnace was blown in in 
1873. The operation did not prove profitable and the 
furnace was shut down within a few years, remaining 
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the earl 
als of the @ jdle until sold in 1889 to the Tonawanda Iron and Steel 
pjects are | Company which added a second blast furnace in 1896. 
other, the J Also abandoned in 1885 were the Buffalo Iron and 
e€ a pre- |) Nail Works. It is recorded that labor trouble was the 
the iron ™ basis of the closing of these varied Pratt and Company 
> operations, but it is likely that the principal reason for 
-, history '” their abandonment was the growing use of steel. 
» was the Pratt and Letchworth foundry operations in the mean- 
her than time had progressed steadily and in 1876 they produced 
any built — the first open hearth steel in this district from a 15 ton 
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1838 the ' acid furnace in their Buffalo Steel Company’s plant. 
. In 1841 ; This was only eight years after the process had been 
ce steam — introduced into this country. In 1908 two additional 
) open hearth furnaces were installed. 
n Works ~ Another important project originated by Pratt and 
rgh. The | Letchworth was the formation, in 1887, of the United 
the large H.ame Company in order to segregate the production of 
interests, hames, saddlery and coach fixtures from the foundry 
nt’s first units. By 1897 this subsidiary dominated this line of 


red nails 4 business in the whole country and in 1902 the company 
from the reorganized into the United States Hame Company. 
This company manufactured 85 per cent of the hames 
produced in this country. The output in 1907 was about 
2,000,000 pairs. 

Let us go back again to 1861, two years before Pratt 
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1852 the built his first Fletcher blast furnace. It was in this year 
mmenced |) that the Union Iron Company was organized, the first 

y  pigiron producer of the Niagara Frontier. This company 
ilo Roll- shares with the Pratt interests the major credit for the 
addition development of the iron industry in this district. It built 
ind Nail three blast furnaces, one in 1861, a second in 1862 and a 
-apacity third in 1865; also, in the period 1862 to 1865, puddling 
s — the furnaces and rolling mills. The plant was an important 
ing fur- one in its day, its products well known and in demand 
1achines throughout the whole country. Its three blast furnaces 


. These could produce a total of 100 tons per day and its sixteen 
ie world ; double puddling furnaces and its six rolling mills, 
80 tons of finished products. These products were bar 


ey pro- 
n a a iron, plates, channels, beams, girders, shafting, rolled 
of coal, car axles and rails. History records in 1874 that for the 
1 bloom |¥ previous two years this company produced 40 per cent 
of the rolled beams used in the United States. The com- 
sed the pany produced the first iron plates for ships on the Great 
known) Lakes. Up to this same year they had produced 20,000 
‘oundry tons of plates for this purpose and four such ships had 
h ware. been built in the company’s own yards. The blast fur- 
the old | naces originally used Adirondack ores but later most 
a busi- of it came from the Lake Superior Region. Anthracite 
ire was coal was used for fuel. Ownership of the company 
oduced changed hands frequently in its early days, finally 
‘} passing to the Lehigh Valley Railroad in 1872. In 1876 
er blast the operations of the furnaces and the mills were dis- 
n to its continued. 
nd the In 1892 the Buffalo Furnace Company was organized 
or fuel, and purchased the abandoned plant, which was located 
oduced § on Hamburg Street in Buffalo. All of the old facilities 
rebuilt were scrapped and the company started on the con- 
n New struction of three new blast furnaces. The first furnace, 
80 ft high, with an 18 ft bosh, was coke fired, had an 
n Com- annual capacity of 80,000 tons and was blown in early 
‘urnace in 1893. In 1899 the company was reorganized into the 
n in in Buffalo Union Furnace Company and the second fur- 
nd the nace, also of 80,000 tons annual capacity, completed 
laining and put into operation. In 1901 the company completed 


the third furnace, 60 ft high with a 15 ft bosh for the 
Y, 1945 






production of charcoal iron, annual capacity being 
40,000 tons. This furnace continued on charcoal iron 
until August, 1904, when it was converted to a coke 
stack. The company continued operations at this plant 
until about 1930 in which year the project was aban- 
doned and actually scrapped in 1937. In the meantime, 
in 1927, the company acquired the blast furnace proper- 
ties of the Rogers-Brown Iron Company (about which 
more will be given later), operating the plant until 1930 
when it was merged with the Hanna Division of the 
National Steel Company. 

The third important pig iron producer appeared on 
the Frontier in 1902 when the Buffalo and Susquehanna 
Furnace Company was organized by local capitalists. 
The plant site selected was in the town of West Seneca 
near the new Lackawanna Iron and Steel Company 
plant that was then well under construction. The first 
furnace was completed and blown in in September, 1904, 
and the second furnace in July, 1905. In 1910 the 
Rogers-Brown Company acquired the plant and started 
construction on two additional furnaces, both of which 











As the eastern terminus of the Great Lakes, Buffalo enjoys 
direct water shipment for its iron ore. 
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Comparison of this modern furnace with the first furnace 
built in the district 80 years ago gives striking evidence 
of the progress and development in the iron and steel 
industry. 






























were blown in in 1912. In 1920 the plant was leased to 
the M. A. Hanna Company which operated it until 
1927. In that year it was absorbed by the Buffalo Union 
Furnace Company, which controlled it until 1930, when, 
as previously stated, the plant was merged with the 
Hanna Division of the National Steel Company, which 
still operates it. 

Generally speaking, a line can be drawn through the 
year 1900 as separating the development of the iron in- 
dustry on the Niagara Frontier from the development 
of the steel industry. It is true that Pratt and Letch- 
worth produced steel here in 1876 but no addition had 
yet been made to that original installation. It seems 
strange indeed that with Buffalo’s importance in the 
iron rolling business in the early seventies and with 
its steadily increasing pig iron production that no 
effort was made here to use the bessemer steel process 
that had been so rapidly expanded in other sections of 
the country in the period of 1865 to 1880. Why this 
should have been so I am not able to explain, but the 
fact remains that not until 1899, when the Lackawanna 
Iron and Steel Company decided to move their sixty 
year old plant from Scranton, Pennsylvania, where they 
had been making and rolling bessemer steel since 1875, 
did the steel industry come to the Niagara Frontier. 

The industry’s record here up to this time would not 
be complete if mention were not made of many corre- 
lated industries that have played an important part in 
the Frontier’s development other than those already 
mentioned : 

In 1858 the Buffalo Pitts Agricultural Company was 
organized to manufacture agricultural machinery. 

In 1859 the Holley Manufacturing Company was in- 
corporated for manufacturing steam pumps at Lockport. 

In 1864 Farrer and Trefts Company was organized 
as a machine and boiler shop. 

In 1870 the Westerman Rolling Mill was built at 
Lockport with two trains of rolls to produce bars and 
wire rods. 

In 1872 the Sizer Forge Company was organized to 
produce large forgings from puddled iron. 

In 1877 the Buffalo Forge Company was organized to 
produce car axles and forgings. 

In 1889 the Snow Steam Pump Works started opera- 
tion in Buffalo. 

By 1894 four carwheel works and two car shops were 
operating in Buffalo and Depew: the Buffalo Car Wheel 
Company, the New York Car Wheel Works, the 
Niagara Car Wheel Company, the Union Car Company, 
the American Car and Foundry Company and the 
Pullman Company. Their combined annual capacity 
was 530,000 cast wheels and 11,000 cars. 

In 1894 the Buffalo Bridge and Iron Works was 
organized for the fabrication of bridges. 

In 1896 the Buffalo Bolt Company was organized for 
the manufacture of bolts and nuts at Tonawanda. This 
plant added a 14 in./10 in. bar mill in 1916 for rolling 
its stock from billets. 

In 1900 the Buffalo Steel Company (not the Pratt 
and Letchworth foundry operations that had carried 
the same name) built a 14 in. rolling mill to produce 
angles, bars and shapes. In 1904 the plant started to 
roll T rails up to 30 lb per yard. 

In 1902, the Snow Steam Pump Works combined 
with the Holley Manufacturing Company of Lockport 
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and the latter plant was moved in its entirety to the 
Snow plant. In August, 1903, this plant placed a five ton 
side blown converter in operation. Here was made the 
first bessemer steel on the Niagara Frontier, preceding 
the Lackawanna Iron and Steel Company’s production 
here by two months. In 1916 this company became part 
of the present Worthington Pump and Machinery 
Corporation. 

In 1903 the Gould Coupler Company plant at Depew 
was built for the manufacturing of castings. Two 20-ton 
open hearth furnaces, with annealing and forging facili- 
ties were installed. Two additional open hearth furnaces 
were added shortly thereafter. 

In 1904 the United States Tube Company was organ- 
ized to manufacture charcoal iron boiler tubes 134 in. 
to 4 in. diameter. 

In 1907 the Seneca Iron and Steel Company was 
organized to build the first sheet mills in New York 
State. 

In 1908 the Strong Steel Foundry Company, with 
one six ton open hearth furnace, was started. 

In 1909 the Corrugated Bar Company built a plant at 
Blasdell for the fabrication of concrete reinforcing bars. 
The plant was later acquired by the Kalman Steel 
Company. 

In 1911 the Atlas Steel Casting Company was organ- 
ized, and in the same year the Simmons Steel Saw Com- 
pany moved their Chicago plant to a site near Lockport. 
Their operation included the making of crucible and 
electric furnace steel. 

In 1918 the American Radiator Company built a 
small electric steel plant. This company in 1923 pur- 
chased the Tonawanda Iron and Steel Company blast 
furnaces from the Donner Steel Company, the latter 
company having acquired them in 1916. American 
Radiator dismantled the old furnaces and replaced them 
with a modern stack. 

It will be noted that many of the concerns mentioned 
in this paper are foundries, and today the Niagara 
Frontier is recognized as the largest center of the cast- 
ings industry in the country. 

It is regretable that in this short review more em- 
phasis cannot be put on the activities of the many other 
concerns related to the iron and steel industry that 
have contributed so much to the manufacturing pro- 
gress of the Frontier. Important in this group are: 
The Acme Steel and Malleable Casting Company, 
American Brake Shoe and Foundry Company, The 
Buffalo Foundry and Machine Company, the Buffalo 
Pipe and Foundry Company, the Fillmore Foundry 
Company, the Lake Erie Foundry Company, the 
Pholman Foundry Company, the Washington Iron 
Works, the Lackawanna Steel Construction Company, 
the Buffalo Structural Company, the Buffalo Tank 
Company, the McKaig Hatch Company, the J. H. 
Williams Company, and the Bliss and Laughlin Com- 
pany. 

Returning to the period starting in 1900 when the 
steel industry as such, first came to the Niagara Fron- 
tier, there were three companies that have been respon- 
sible for the development of that industry here. In the 
order of their establishment they were: 

1. The Lackawanna Iron and Steel Company (1900) 
with first production in 1903, now the Lackawanna 

Plant of the Bethlehem Steel Company. 
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The first open hearth steel was produced in the district in 
1876 from a 15 ton acid furnace. Today, modern giants 
such as the one shown here maintain a constant 
stream of steel for armament. 


rs) 


The New York State Steel Company, first production 
in 1907, and now the Buffalo Works of Republic 
Steel Corporation. 

3. Wickwire Steel Company 1907, first iron production 
in 1908, and now the Wickwire-Spencer Steel Corpo- 
ration. 

The Wickwire Steel Company was organized in 1907 
by the Wickwire Brothers, wire manufacturers of 
Cortland, New York. The plant was to consist of blast 
furnaces, open hearths and finishing mills for wire 
products. The two blast furnaces, each with annual 
capacity of 150,000 tons, were blown in in 1908 and 
1910. Not until 1916 was further construction under- 
taken, when plans were announced for the building of 
three open hearths, a blooming mill, a billet mill and a 
rod mill. These plans were gradually put into effect 
and in 1920 the company merged with the Clinton- 
Wright Wire Company forming the present Wickwire- 
Spencer Steel Corporation. Important additions were 
made to the plant in 1940 in the form of fine wire 
finishing units. 

In 1906, the New York State Steel Company was 
organized. The plant was to consist of one blast furnace, 
two open hearths and rolling mills. The first steel was 
made in the new plant in April, 1907, although the blast 
furnace was not blown in until July, 1909. In 1915 the 
company was sold to William H. Donner, the name 
changed to the Donner Steel Company, and plans im- 
mediately announced for the construction of a second 
blast furnace, eight open hearth furnaces and additional 
bar mills. The new facilities were put into operation the 
following year. In 1920 the Donner and Hanna interests 
built 150 Kopper by-product coke ovens near the 
Donner plant. In 1926 the plant developed a method of 
die rolling for the production of preformed rolled sec- 
tions and installed the necessary auxiliary equipment to 
properly carry on the large volume of this specialized 
business that resulted. In 1929 the Republic Steel Cor- 
poration purchased the Donner Steel Company and the 
plant, which specializes in the production of alloy, 
corrosion-resistant and carbon bars, is the present 
Buffalo Works of that corporation. 

The most important decision in its effect on the iron 
and steel industry on the Niagara Frontier was made 
by the Lackawanna Iron and Steel Company to move 
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its plant, started in 1840, from Scranton, Pennsylvania, 
to the shores of Lake Erie. The site selected and pur- 
chased in 1899 was in the town of West Seneca at the 
south end of the Buffalo harbor, now the city of Lacka- 
wanna. Construction started on May 29, 1900. 

While the initial plans called for merely moving the 
old plant to the new site, construction had scarcely 
started before it was decided to build a complete new 
plant, the like of which had not yet been built anywhere. 
Here was a project that was to outstrip every previous 
effort in the steel industry, and lest I be accused of 
speaking from tradition handed down by word of mouth 
from those who took part in this undertaking, let me 
quote the opening paragraph of an article that appeared 
in the Iron Age on January 7, 1904: 

“The greatest individual steel plant in the world is 
now approaching completion at West Seneca, New 
York, two of the blast furnaces, the great bessemer 
plant and the rail mill having been put in operation 
during the past year. Work is now progressing rapidly on 
four additional blast furnaces, on a second rail mill for 
light rails and splice bars, on a structural mill and on a 
very large slabbing and universal plate mill, and con- 
tracts have only been lately let for a modern bar mill 
and for six open hearth furnaces.” 

Many of the ideas incorporated in the building of the 
plant were new to the industry or to this country. Here 
was the first plant in America to use blast furnace gas 
engines to blow the furnaces and generate electric 
power. Here were the first regenerative by-product coke 
ovens. Here were many applications of electric motors 
to operations previously done only by steam engine or 
hydraulic power. Truly the men who built this plant, 
and it was less than half a century ago, were pioneers in 
the industry not only on the Niagara Frontier but in 
the world. Much of what they built has been superseded 
by still more modern equipment, but nevertheless they 
blazed the trails in many directions for those of us who 
came later. 

A complete history of the construction and the early 
operation of the plant would prolong this paper to too 
great a length, but the importance of the undertaking 
to the Frontier and to the industry warrants a brief 
statement of the plant’s facilities. 

Two blast furnaces were blown in in 1903, and the 
bessemer and rail mill started operations on October 20, 
of that same year. 

In 1904 seven batteries of coke ovens were started, 
also a third blast furnace, six open hearth furnaces, a 
24 in. bar and shape mill, a 26 in. bar and structural 
mill, a 32 in. slabbing mill and a 48 in. universal plate 
mill. 

In 1905 the fourth and fifth blast furnaces, a 12 in. 
bar mill and a 40 in. blooming mill were added. 

In 1906 the eighth and ninth batteries of coke ovens, 
the sixth blast furnace and five additional open hearth 
furnaces went into operation. 

In 1907 the tenth battery of coke ovens, the seventh 
blast furnace and an 18 in. continuous billet mill 
started. 

In 1910 a twelfth open hearth furnace and a splice 
bar shop were completed. 

In 1911 a 10 in. bar mill was started. 

In 1912 the thirteenth and fourteenth open hearth 
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One of the largest mills in the country, this 54 in. reversing 
blooming mill serves primarily as a breakdown mill 
for a large structural mill. 


furnaces and the first hot metal mixer went into 
operation. 

In 1913 a spike, bolt and nut plant started, and the 
first two open hearth furnaces in a new open hearth 
plant made their first steel. 

In 1915 benzol plants were placed in operation at the 
coke ovens and four additional open hearth furnaces 
started production. 

In 1916 three more open hearth furnaces and a 16 in. 
bar mill began operations. 

In 1917 the 10th furnace in the No. 2 open hearth 
plant started, completing this unit. 

In 1918 two more blast furnaces were blown in. 

In 1919 an 8 in. bar mill was placed in operation. 

It is interesting to note from the foregoing that the 
plant had outstripped the original plans of its founders 
and had continued to grow in capacity as the years 
passed by. 

Obsolescence and progress go hand in hand in the 
steel industry to a greater extent, perhaps, than in any 
other, and a year after this latest new mill was put in 
operation three of the original batteries of coke ovens 
were shut down for dismantling and a new battery of 
60 ovens pushed its first coke. The following year a 
steam engine driving the roughing stand of the rail mill 
was torn out and replaced with the first large reversing 
d-c motor for a rolling mill drive in this country. 

Thus, in 1922, we find the plant grown beyond the 
dreams of its founders, consisting of: 

11 batteries of by-product coke ovens, three of which 
had been shut down for dismantling. 
9 blast furnaces. 
4 bessemer converters. 
24 open hearth furnaces. 
10 rolling mills (1 slab mill, 1 blooming mill, 8 finish- 
ing mills). 
1 splice bar shop. 
1 spike, nut and bolt plant. 
1 fabricating shop. 

In addition, there was of course all of the necessary 
auxiliary equipment of boilers, pumps, air compressors, 
repair shops, foundry, ete. 

The capacity of the plant at that time was — 

Coke 1,000,000 net tons 
Pig iron 1,600,000 net tons 


Steel ingots 2,060,000 net tons 
Finished rolled products 1,500,000 net tons 

The products were bessemer and foundry pig iron, 
bessemer and open hearth billets, sheet bars, heavy and 
light rails, structural shapes, sheet piling, splice bars, 
tie plates, rail joints, universal plates, merchant bars, 
shapes, railway spikes, bolts and nuts. 

In 1922 the Bethlehem Steel Company purchased the 
entire interests of the Lackawanna Steel Company and 
immediately started on a program of reconstruction and 
additions to the plant. Too much time would be con- 
sumed in giving all the details involved in these changes. 
Suffice it to say that by 1931 most of the rolling mills 
had been replaced by new ones and a 48 in. wide flange 
structural mill added. No. 1 open hearth had been 
completely rebuilt, its 14 furnaces enlarged, the besse- 
mer plant dismantled and construction started on a 
third open hearth plant of six 200 ton furnaces. All of 
the old coke ovens had been dismantled and replaced 
with three batteries of new ovens. Six blast furnaces 
had been torn down and one new one built. (The 
second new one was built in 1934.) Electric drives re- 
placed steam engines on mill drives, and many other 
facilities contributing to better and more economical 
operations were added. 

The Kalman Steel Company was purchased in 1931 
and the Seneca Iron and Steel Company in 1932. 

In 1936, a 79 in. continuous hot strip mill, and two 
mills for cold reduced sheets were put into operation — 
one of the finest and most modern installations of its 
type in the world. In 1937 the new open hearth plant, 
on which construction had started in 1929, was com- 
pleted and new modern soaking pits replaced the old 
ones on the 44 in. blooming mill. 

From 1938 to the present time two additional bat- 
teries of coke ovens have been built and three batteries 
completely rebuilt. Two of the largest blast furnaces in 
the world have been added, the old hot sheet mills at 
Seneca mechanized, a new galvanizing plant built, the 
old 12 in. bar mill completely rebuilt and moved to a 
new location for the rolling of alloy and carbon bars. 

Thus today we find the Lackawanna Plant of the 
Bethlehem Steel Company one of the large, modern 
steel plants of the country with: 

Annual capacity 
6 batteries of coke ovens 2,000,000 net tons 
7 blast furnaces 2,550,000 net tons 
30 open hearth furnaces (Basic) 3,120,000 net tons 
3 blooming mills 
9 finishing mills 
1 continuous strip mill 


Total shipments on a normal peace time basis are | 


2,500,000 net tons and include structural shapes (stand- 
ard and wide flange), sheet and Z piling, sheets (hot 
rolled, cold rolled and galvanized), plates, rails, splice 
bar and tie plates, bars (carbon, alloy and reinforcing), 
blooms, billets, slabs, fabricated structural material, 
fabricated re-inforcing bars, and miscellaneous fabri- 
cated sheet and bar products. 

There is little of the original Lackawanna Plant or its 
service facilities remaining. One mill, built in 1904 is 
still in occasional use and the 10 in. and 8 in. bar mills, 

(Please turn to page 104) 
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¢ Acstory VF THE 
Trou aud Steel Tudurtry 


... the history of the iron and steel industry 


is replete with evidence of the industry’s 


profound influence on the industrial, eco- 


nomic, political and social development of 


nations and of the world... . 


by F. C. FARRELL 


DISTRICT MANAGER 


REPUBLIC STEEL CORPORATION 


BUFFALO. NEW YORK 


A DEVELOPMENT of iron and steel may be generally 
classified into three main stages: the wrought iron 
period, the cast iron period and the steel period. 

During the wrought iron period, which dates from 
at least 3000 B. C. to 1350 A. D., iron was obtained by 
mixing ore with charcoal which was burned under either 
natural or forced draft. For at least 4,350 years, the 
method of reducing ore and the quality of the product 
remained essentially the same, although some steps 
were taken to increase production. The first iron re- 
duced from ore was probably obtained accidentally 
when fires were built against walls or beds of ore. This 
produced a spongy, viscous mass of iron which in some 
cases was 99 per cent pure but was more often mixed 
with 3 to 5 per cent of slaggy material which could not 
be entirely removed. The use of iron for weapons and 
ornaments is mentioned in several books of the Old 
Testament and iron blades have been found in Egyp- 
tian tombs erected about 3000 B. C. It is said that iron 
working was common in Greece about 2000 B. C. while 
other ancient peoples in India, Spain, and Italy used 
iron extensively. Romans invading Britain found iron 
making well established. 


Presented before A. |. S. E. Buffalo District Section Meeting, October 10, 1944. 
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About 800 B. C. the production of iron had become 
an important industry in the ancient world. After the 
first discovery of iron, fires were built in windy places 
on ore beds to utilize draft in speeding the reduction 
process. Gradually it was found that ore and charcoal 
could be mixed together and ignited. Bellows, an early 
invention, were employed for forced draft and all of 
these steps led to the Catalan forge which was the main 
producer of iron up to 1350 A. D. This consisted of a 
hearth which was charged with iron and charcoal under 
draft from bellows and a short stack. The resulting iron 
was the same spongy pasty mass obtained by primitive 
people. Due to its comparatively high purity and to 
the lack of facilities for reaching high temperatures, 
this iron could not be completely melted, so that it 
was hammered or wrought by hand. 

Steel was not unknown during this period. Ancients 
had found that after iron was reduced from ore it could 
be packed in charcoal and heated, with the result that 
a hard, springy metal resulted. The sword blades pro- 
duced at Toledo and Damascus, which today are con- 
sidered to be of exceptional quality, testify to the skill 
of steel makers in those days. Their process, which now 
is known as cementation, was still in use for producing 
steel early in the present century, and the present pro- 
cess of case carburizing utilizes the same principles. 
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However, the production of steel was comparatively 
small, since makers usually kept their processes secret 
and the quality of ore available in a given locality 
limited their success. 

The cast iron period extended from approximately 
1350 A. D. to 1856. It was found that if more than 
ordinary amounts of charcoal were mixed with ore and 
heated under draft, the iron reduced from ore was 
molten. This of course was due to introduction of 
carbon into the iron with resultant lowering of the 
melting point. As this became known, larger stacks 
were built on the Catalan forges and instead of charging 
all material on the hearth, ore and charcoal were charged 
in the stack. The reduction of ore was completed at 
the base of the stack and molten metal flowed into 
the hearth where it could be drawn off and cast into 
convenient shapes. However, this cast iron was brittle, 
whereas wrought iron was ductile. Therefore cast iron 
did not replace wrought iron but was used, with a 
great saving in labor, for articles which did not require 
great ductility and shock resistance. Furthermore, pro- 
duction of molten iron permitted heavier and more 
varied types of iron products than was possible with 
hand wrought iron. Thus, this forerunner of the modern 
blast furnace created another branch of the iron indus- 
try. Production of wrought iron continued to increase, 
while the secrets of making steel by the cementation 
process became more widely known, so that steel knives, 
armor, and various small weapons became more com- 
mon. Already, the industry had three distinct and 
specialized branches which were exerting profound 
effects on the economic structure of the times. 

After the first successful production of cast iron 
about 1350 A. D., demands for charcoal increased so 
greatly that in England, a major iron producing country, 
timber supplies became rapidly depleted. As a result 
Queen Elizabeth was forced to put drastic restrictions 
on iron production during her reign in the 16th century. 
Consequently, England found it necessary to import 
iron from Russia, Sweden, Germany, Belgium and 
Spain, all of which had vast timber resources at the time. 

It is of special interest to note that Sweden, profiting 
from England’s example, instituted a planned planting 
of timber to assure a constant supply of charcoal. This 
system, which still exists, together with an abundance 
of exceptionally high grade ore, enabled Sweden to 
maintain production of charcoal iron which became a 
standard of quality throughout the world. 

About 1713, an Englishman named Darby discovered 
how to produce coke from coal and immediately recog- 
nized its value in the production of iron, since it pro- 
vided a strong, porous, material for use in blast furnace 
shafts. This discovery revolutionized the iron industry 
and enabled the English to resume large tonnage pro- 
duction. By 1740, England not only had ceased all 
importation of iron but began to export to the continent 
and colonies. 

In 1750, an advancement was made in steel making.- 
The method of producing steel by packing wrought 
iron in charcoal previously described had many dis- 
advantages, a principal one being that carbon from 
the charcoal penetrated only to a certain depth. This 
varied not only from piece to piece but within the same 
pieces, so that lack of uniformity was a problem. An 
Englishman named Huntsman found that if these 
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carburized bars were placed in a refractory crucible 
they could be melted and poured into ingots or castings 
of uniform composition throughout. This process 
became the foremost means of producing high quality 
steel, and up until the early part of the 20th century, 
was the only means of producing high quality alloy 
steels. Although practically replaced by later develop- 
ments of open hearth and electric furnaces, the cru- 
cible process still exists in almost the same form in 
which it was developed in 1750. It permits an ex- 
tremely close control of chemistry and quality, but 
cannot be made economically in large tonnages. 


In 1770 Watt’s steam engine made its appearance 
and was utilized to drive the first’ rolling mill which 
was built in England in 1784 for the rolling of wrought 
iron into rough slabs which subsequently were worked 
by hand. Later, rolls were grooved to produce more 
definite shapes, and in 1835, steam hammers for forging 
were developed. By 1856 England had developed mills 
to roll the first armor plate for ships. 

The puddling of wrought iron had been introduced 
in 1784. This was a method for refining of cast iron to 
remove silicon and part of the carbon. Originally the 
iron was melted on a hearth under a blast of air, but 
later a flux of iron oxide was added to form a slag and 
obtain a higher degree of refining. As the impurities 
were eliminated the metal became pasty and was 
drawn from the furnace in large lumps, cut into balls 
and squeezed in a press to eliminate some of the slag. 
As development of rolling mills continued, puddled 
iron was used for pipe and other purposes where its 
good welding properties and corrosion resistance were 
valuable. This process, introduced in 1784, was in 
widespread use early in the 20th century and appreci- 
able demand for its product existed as late as 1929. 
Although no data on tonnages produced in recent years 
are available, it is probable that some puddling fur- 
naces still operate at present. 


The steel period began in 1856 with the adoption of 
the bessemer process. Although Sir Henry Bessemer 
profited greatly from the process given his name, it was 
not the invention of a single man. The original idea of 
this converter was not to make steel directly but to 
convert cast iron into wrought iron and subsequently 
make it into steel. William Kelly was the first to show 
that molten pig iron could be purified by blowing air 
through it and demonstrated this at Eddyville, Ken- 
tucky in 1847. In 1857 he built a tilting converter for 
the Cambria Iron Works, Johnstown, Pennsylvania. 


Due to lack of financial backing, Kelly did not make 
a commercial success of his invention, but in 1856 
Bessemer introduced and patented his process in Eng- 
land. After Kelly’s original converter, one covered by 
bessemer patents was erected at Troy, New York, in 
1865. The product of this and other units built in the 
same period was simply iron from which the impurities 
except phosphorus and sulphur had been removed. This 
iron was often red-short and hard to work. A Frenchman 
named Mushet suggested adding spiegeleisen to the 
molten iron after it was blown, with the result that 
added manganese reduced red shortness and carbon 
produced the necessary hardness. Thus the first means 
of producing steel rapidly and economically came into 
existence. However, the process had several disadvan- 
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tages. Original converters were lined with acid refrac- 
tories and could not eliminate phosphorus, so that the 
resultant steel was hard to work unless it was made 
from iron having low phosphorus analysis, which in turn 
could be secured only from low phosphorus ores. Basic 
lined converters could reduce phosphorus but proved 
impractical for several reasons. The acid converter 
played a foremost role in supplying the needs of the 
rapidly expanding railroad industry and was the 
principal source of rail steel as late as 1905. The scarcity 
of low phosphorus ore as well as the development of the 
open hearth led to its progressive decline, but in recent 
years bessemer steel has found new applications and has 
been an important contributor to record breaking steel 
production in the present emergency. 

In 1864, eight years after the first bessemer appeared, 
the English inventor William Siemens constructed a 
reverberatory furnace to produce cast steel. He obtained 
the necessary high temperatures by means of heat 
regenerators. The furnace was charged with iron ore 
and pig iron and produced a molten refined iron or steel. 
At the time he was developing this, a Frenchman named 
Martins experimented with additions of iron and steel 
scrap to the charge and this increased the adaptability 
of the process. These men had created the open hearth 
furnace, which was almost identical in design and 
general operation as the furnaces in use today. This 
furnace was lined with acid refractories so that elim- 
ination of phosphorus was the same problem en- 
countered in the acid bessemer. Charges had to be made 
with low phosphorus material so that successful steel 
making depended upon availability of low phosphorus 
ore. However, within 20 years Thomas constructed a 
basic furnace in Brymbo, Wales. This permitted the use 





of basic materials to remove phosphorus and sulphur 
from iron or scrap, so that vast ore fields became useful 
for steel production. In 1903, open hearth production 
practically equalled bessemer output and since that 
year has become history’s greatest steel producer. 

As the open hearth was under development, interest 
was shown in producing steel by electrical energy. Iron 
was first melted by carbon electrodes in 1878, but 
nothing more was developed until 1892 when DeLaval 
patented his furnace for melting iron. The basic open 
hearth and the prohibitive cost of power caused the 
electric furnace to be neglected by the steel industry, 
although it was used for ferro-alloys, aluminum and 
calcium carbide between 1888 and 1894. A furnace was 
patented in Italy in 1898 for melting and refining steel. 
Heroult’s furnace for steel making appeared in 1900 and 
shortly afterward, United States Steel Corporation 
secured patent rights and intensive developments in 
electric furnaces occurred between 1900 and 1915. The 
first furnaces used produced less than one ton per melt 
but improvements throughout the years led to furnaces 
which can produce 75 to 100 tons per melt. While the open 
hearth remains the large tonnage producer, foresight in 
developing electric furnace capacity and practice per- 
mitted the United States to meet the unprecedented 
demands for highest quality steels by the aircraft and 
other industries in the present war. 

While this outline of development of iron and steel 
emphasizes the melting units, developments in mills, 
mining, and metallurgy were equally spectacular but 
are not so well defined in history, partly because 
changes were very gradual and often kept secret. The 
most spectacular developments have occurred since 
1900. 











On October 10th, 1944, the recently organized Buffalo District Section held its first regular meeting, with an attend- 
ance of 350 members and guests. The program for this meeting included papers by F. C. Farrell, of Republic Steel 


Corporation, and E. F. Entwisle, of Bethlehem Stee! Company. 








In reviewing the 6000 year history of iron these in- 
ventions are considered to be the greatest contributions 
to advancement: 


Year 
Invention of coke — 17138 
Invention of the steam engine — 1770 
Invention of the rolling mill — 1784 
Invention of hot blast — 1830 


Invention of the bessemer converter — 1856 
Invention of the open hearth — 1864 


It is of interest to note that the reduction of iron from 
its ore without fusion as practiced by primitive people 
remains of important interest to the steel industry at 
present. If production of sponge iron can be achieved 
economically and in sufficient tonnages, it is conceivable 
that it may open a new era in the industry. The war has 
revived interest in this process to new heights and 
several units have been operated or are under con- 
struction for this purpose but as yet show no immediate 
possibility of replacing the blast furnace. 


DEVELOPMENT IN UNITED STATES 


Perhaps no nation on earth has been so greatly 
affected in its political, economic, and social history by 
the steel industry as the United States. The colonial 
period began late in the 16th century and ended with 
the Revolutionary War, thus running during the 
wrought iron period of iron and steel development. The 
first settlers of North America at Jamestown, Virginia, 
mined the first iron ore in 1585 and in 1608 had exported 
ore to England. 


Early colonization was concentrated on the seaboard 
from Virginia up through Massachusetts. Iron ore of 
varying quality was found throughout this region and 
timber for charcoal was abundant. As a natural conse- 
quence it was common for individuals to make sponge 
iron which was then made into nails, small household 
implements, and tools. Entire families would spend 
parts of the winter in hammering nails and small imple- 
ments from iron produced in the small farm forges. 


Virginia had the means to become a leading iron 
producer but found tobacco planting more profitable 
and more suited to her climate. The New England 
colonies, with less varied opportunities in agriculture, 
became particularly active in iron production and laid 
the foundations of our present industrial system. 

The Pilgrims landed in 1620, and by 1644 an iron 
works had been built at Lynn, Massachusetts by 
Governor John Winthrop. Connecticut followed closely 
and by the early 18th century was the leading producer 
of iron. In this colony many small forges existed, and 
there were steel makers in most communities to produce 
knives, sickles and similar articles. Iron was wrought 
into useful articles and sold to other colonies by the 
famous Connecticut peddlers. Iron works were built at 
Salisbury and Kent, Connecticut, about 1730, and 
Connecticut led in production until 1750 when Pennsy!l- 
vania assumed leadership. 

Abundance of timber led to early interest in ship 
building, especially since England was still suffering 
from a wood shortage. Shipyards were concentrated in 
the northern colonies and created a demand for iron 
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nails, chains, anchors and similar fittings. This provided 
incentive for development of iron works and by 1750 
the colonies were producing iron products of every kind 
but still depended on England for some steel products 
such as fine cutlery, needles, and special tools. 


After the development of coke in 1713, England’ 
iron industry was not handicapped by timber shortage 
and soon she was producing enough iron for export. 
As a result English ironmasters became alarmed at 
progress being made in the colonies and in 1750 induced 
Parliament to pass an act forbidding Americans from 
setting up mills to work bar and cast iron or produce 
finished iron articles. However, the sympathy of some 
English statesmen and royal governors together with 
difficulties in policing the colonies allowed the manu- 
facturer of forbidden goods to flourish. This was for- 
tunate, because the success of the colonists in the Revo- 
lutionary War was to depend greatly on the skill of Amer. 
ican ironmasters. 


Further laws were passed requiring all iron and other 
products produced by the colonies to be exported to 
England exclusively, for by this time American ships 
were finding their own markets while enjoying pro- 
tection of the British fleet. These and similar restrictions 
on other products were loosely enforced even up to the 
opening of the Revolution when the colonies rebelled 
more against the principles than actual enforcement of 
such laws as the Navigation and Stamp Acts. 


The opening shot of the Revolutionary War in April 
1775 threw the colonies into a period of rapid industrial 
development. Imports were practically cut off since the 
British fleet ruled the seas. France had sufficient naval 
power to break the British blockade but, having suffered 
recent defeats from England, she was reluctant to re- 
sume war. It was not until 1778, five months after 
Burgoyne surrendered at Saratoga and almost three 
years after the war began that France gave the colonies 
military and economic assistance. During those first 
critical three years America’s ironmakers supplied most 
of the weapons for Washington’s army. 


The iron and steel industry has a proud heritage in 
the political history of our country. Long before the 
Revolution, Puritan and other colonial leaders either 
owned or encouraged iron works. The Declaration of 
Independence was not merely what the name implies, 


but is considered to be one of history’s most important § 


documents concerning theories of government, society, 
and rights of man. Four of the men who assisted Jeffer- 
son in the final drafting and signing of the Declaration 
were ironmasters; 24 high ranking officers in Washing- 
ton’s Army were ironmasters. Paul Revere is most com- 
monly remembered for his famous ride but actually, 


this was one of the least of his contributions to the | 


political and industrial development of the colonies. 
Aside from being a respected political leader, Revere was 
the most skilled silversmith in the colonies and examples 
of his work.have been preserved for the ages because 
they are classics of his craft. Revere was a descendant of 


Thomas Dexter who at one time had owned and | 


operated the first iron works in the colonies at Lynn, 
Massachusetts. During the Revolution, Revere turned 
his practical genius to the production of cannon and 
shot. Under the guidance of a Frenchman named Ansart 
he was able to expedite the casting of these articles and 
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This old photograph, made at Canton, 
Ohio, in 1907 at the time of the 
pouring of the first open hearth 
alloy steel,was recently repro- 
duced in ‘‘ Republic Reports,’’ 
published by Republic Steel Corp- 
oration. Left to right are: Peter 
Reese, F. M. Beckett, J. Kent 
Smith, M. Thompson, J. M. Flan- 
nery, C. Harold Wills, a Mr. Len- 
hart, Henry Ford, R. G. Lewis and 
F. J. Griffiths. The print belongs 
to Mr. Griffiths who resides in 
Massillon, Ohio. Mr. Lewis, now 
with [Bethlehem Steel Company, 
helped identify the men. 


relieve a serious armament shortage that was threaten- 
ing Washington with defeat in 1777. Later he construct- 
ed a mill which produced the first rolled copper in the 
United States and was used to sheath the bottoms of 
warships, among them the famous “Constitution.” 
This was the origin of the copper company which now 
bears his name. 

The great efforts made by iron makers to meet war 
demands is well illustrated by the production of a chain 
weighing 180 tons. This chain was made of wrought iron 
bars 21% in. square, shaped into 100 lb links and was 
nearly a mile long. It was completed in six weeks by 
17 forges and 60 men working night and day. The 
finished chain, made entirely by hand, was stretched 
across the Hudson River near West Point and was sup- 
ported by heavy timbers. This closed the river to 
British ships for invasion and landing of supplies in 
upper New York. The British succeeded in breaking 
it at one point but it was immediately repaired. Such 
projects as this spurred industrial development and 
established the ability of American ironmasters. 

Pennsylvania made rapid strides in iron production 
immediately before and during the war and assumed the 
leadership about 1750. No production statistics are 
available for the colonial period. The small forges might 
produce 5 to 200 pounds of iron per day while the largest 
furnaces did not exceed 14 tons per day as compared to 
the daily output of 1000 to 1500 tons from modern fur- 
naces. Steel production was small and confined to 
special articles. In 1790, after a period of intense de- 
velopment there was \ lb of steel in use for each of the 
3,500,000 people in the states. Today each of our 
130,000,000 people has command of 17,000 Ib of steel 
exclusive of war material. 


EXPANSION PERIOD 


With the war ended and the colonies united, colonists 
began to move inland across the fertile lands of Pennsyl- 
vania, New York, and the Ohio Valley. Iron workers 
went with them and the first blast furnace west of the 
Alleghenies operated in Pittsburgh during 1790. In 1801 
the unusually high grade ore of the Champlain district 
was developed and an iron works was built at Wills- 
borough Falls, New York. By 1806 there were several 
furnaces in Ohio and in 1839 a blast furnace was erected 
in Illinois. This illustrates how closely iron and steel 
were associated with the needs of the westward migra- 
tion. 
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Coke was first used by American furnaces in Arm- 
strong County, Pennsylvania during 1819. However, 
charcoal remained important probably because the 
clearing of land provided an abundant and cheap supply 
of timber. It was not until 1855 that the consumption of 
anthracite coal by the iron industry exceeded that of 
charcoal, and anthracite retained the lead until 1874 
when bituminous coal consumption exceeded that of 
anthracite. Pennsylvania had access to coal and ore 
deposits, particularly in the western sections, and 
played the foremost role in expansion of the industry. 
By 1850 New York and the New England states were 
reduced to minor producers, but these states had turned 
to manufacturing of finished metal articles and were 
important customers of the new iron and steel pro- 
ducing areas. 


Almost all of today’s major steel corporations had 
their beginning in Pennsylvania. The Lukens plant was 
built at Coatesville in 1810, and a furnace built at 
Sharon became the property of Republic Iron and Steel 
Company, later the nucleus of Republic Steel Corpo- 
ration. Bethlehem turned out its first products in 1863 
and in 1873 the Edgar Thompson works were built by 
Carnegie and McCandless. Carnegie later made exten- 
sive developments in the Pittsburgh area which, with 
the Illinois Steel Company, formed the major sub- 
sidiary of the United States Corporation. 


Between 1810 to 1870 cast and puddled iron were lead- 
ing products and found a ready market in the rapidly 
expanding railroad industry. In 1835 there were 23 
miles of railroad in use which, with the increased supply 
of iron and steel, grew to 30,626 miles by 1865. 


In 1844 a surveyor working in northern Michigan 
found that his compass was reading a full quarter circle 
off true north. Much annoyed, he searched for the cause 
and soon found what were literally mountains of almost 
pure iron. Some was exposed and in other cases the rich 
ore lay a few inches beneath the ground. This led to 
development of the great Superior ore region which can 
be mined with steamshovels. Attempts were made to 
set up iron works near the early mines but since the 
region was a wilderness it proved more practical to ship 
ore to mills at Pittsburgh, Cleveland and Chicago. By 
1855 the Soo locks were completed and the Great Lakes 
ore traffic began. 


The Civil War caused further development of the in- 
dustry, particularly in Ohio and Illinois, while the South 
diverted more attention to iron works in Tennesseee 
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and Alabama. Efforts of northern iron producers and 
manufacturers to reduce the South’s importation of 
metal articles from England and other countries in ex- 
change for agricultural products was a major factor 
leading to war. 


In 1867 there were three bessemers producing steel 
and in the same year the first steel rails were rolled 
commercially at Johnstown. However, the open hearth 
was soon in use. The first furnace was built at Trenton, 
New Jersey in 1868. This never operated successfully 
but in 1870 the Bay State Works in South Boston, 
Massachusetts put an open hearth into regular produc- 
tion. Both of these furnaces had acid lining and pro- 
duced 5 to 7 tons per melt. In 1888 the first basic open 
hearth was installed at Homestead and a new era of 
steel making began. 

At first the bessemer dominated the industry as a 
steel producer and from 1856 until 1870 was the source 
of all rail steel. Bessemer rails were still produced 
between 1915 and 1920. By 1878 the open hearth was 
making 26 per cent of the rail steel produced and was 
rapidly expanding. The introduction of the basic open 
hearth ten years later permitted this process to be- 
come the leading steel producer by 1905. 

In the expansion era, annual production had in- 
creased from about 1,200 tons of steel in 1810 to 
11,410,000 tons of bessemer and open hearth in 1900. 
During the same period, iron production increased 
from 80,000 to 17,300,000 tons. 


THE MODERN ERA) 


For practical purposes, 1890 can be considered the 
start of the modern era of the iron and steel industry. 
This period has been featured by the continued develop- 
ment of open hearth and mill equipment, the produc- 
tion of alloy steels, invention and development of the 
electric furnace process, and great development of steel 
industry in the middle west. 

Chromium had been used as an alloy in 1865 for 
various grinding equipment and the Eads bridge across 
the Mississippi which was built in 1874 contained con- 
siderable chrome steel. Tungsten was discovered acci- 
dentally in steel melted during 1868. Nickel was used 
purposely in armor plate for the navy in 1891 and had 
its first mass production application in bicycle chains. 
Steel containing 10 per cent was developed for steam 
shovel teeth in 1882, while silicon transformer steel 
was produced in 1889. Molybdenum did not attain 
widespread use as an alloy until the large Colorado 
ore deposits were developed in 1918. 

At the time these alloys were first developed, the 
crucible process was the only means of providing the 
close control desired in alloy steel production. While 
crucibles produced 112,000 tons in 1900 and 125,000 
tons in 1910 it was desired to find a method more suit- 
able for large tonnnage production. The first electric 
furnaces had been introduced about the same time that 
alloys became known, and in 1900 produced 7 tons of 
steel. Refinements of design and developments raised 
production to 58,000 tons in 1910 and another peak 
of 596,000 net tons was reached in 1929. Continued 
development and expansion of this process permitted 
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an output of 3,880,000 tons in 1943. The crucible 
process produced 2300 tons in the same year. 

The open hearth has not been neglected by alloy stee! 
makers. J. Kent-Smith made the first alloy steel by open 
hearth process at Canton, Ohio in 1907. This steel was 
sold to the Ford Motor Company which pioneered mass 
production use of alloy steels. In 19438, open hearths 
produced 9,221,000 tons of alloy steel, almost three 
times that from the electric furnace, but as yet the open 
hearth cannot be utilized for steels of high alloy conten: 
such as the 18-8 stainless type. The electric furnace is 
also preferred for consistently successful production of 
grades requiring unusually close control of chemistry 
and quality. 

Today the United States steel industry produces 
about 45 per cent of the world’s output and its progress 
can best be judged by the following statistics. In 1810 
the nation produced about 1200 tons of steel or 374 
pounds per hour. In 1943, production was 90,000,000 
tons of ingots alone, an average of 10,274 tons or 
20,548,000 pounds per hour. From 1900 to 1943 steel 
output was increased by 800 per cent. 

It is clear that the present world owes much of its 
progress to the foresight and genius of American steel 
makers who even in colonial days exerted a powerful 
influence on the industrial, economic, political and 
social structure of the times. Today, the industry is in 
an expansion period on the West coast. This, together 
with continued development of alloys and electric fur- 
nace processes, may mark the beginning of a new 
era for the industry. 


ENTWISLE afer 


(Continued from page 98) 


started in 1911 and 1919 continue to run regularly. 
Gone are those original gas engines, replaced with more 
modern ones or with steam turbines. Gone are all the 
old boiler plants, the newest replacement generating its 
steam at 850 psi pressure, superheated to 850 degrees. 
Gone is the bessemer. Gone are the first six blast fur- 
naces. Most of the original service shops remain, but 
largely equipped with modern tools. Like the grand- 
father’s razor that had had four new blades and two new 
handles but is still grandfather’s old razor, the plant 
remains in outer resemblance, in part at least, much as 
it looked twenty-five to forty years ago, but unlike the 
razor, it is thoroughly modern in its equipment and 
practices and is proud of its record of contributions to 
the development of the Niagara Frontier. 

And so ends my story. Undoubtedly there were 
others than those I have*mentioned who made sub- 
stantial contributions to the development of the industry 
here in the Niagara Frontier. I pay my deep respects 
to all who have had a hand in the progress that has 
been made. To me, this review is ample proof that the 
credit does not belong to any one man, or to any small 
group of men, or to any one period. It is typical of the 
steel industry that all who have worked and continue 
to work in it add to its progress. The last page in the 
history of the development of the iron and steel indus- 
try on the Niagara Frontier, and elsewhere, will only 
be written when steel and iron are no longer produced. 
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To a blooming mill that had established a 
world’s record producing 171,440 tons of 
steel ingots in a month, was added more 
glory when 512 ingots were rolled by one of 
the three crews during an 8 hour turn. 








Production like that would permit no time 
out for bearing wear or care, but this mill 
knew from past experience that with Hyatt 
Roller Bearings on all table rollers and line 
shafts all would be well, all the time. 


Hyatt wound roller type as used in the table You may be planning record production 
rollers. Hyatt 70,000 series solid roller type as used like this for the equipment you have on the 


on line shafts. There's a size and type of Hyatt board, and for everyday practical bearing 
Roller Bearing for every application. performance, it will pay to consider Hyatts. 


HYATT BEARINGS DIVISION - GENERAL MOTORS CORPORATION 


Harrison, New Jersey ° Chicago ° Detroit ° Pittsburgh ° Oakland, California 
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World War II has placed unprecedented emphasis upon the impor- 
tance of the engineer and technician in both the industrial and the military 
phases of modern warfare. Even before the United States became actively 
engaged in World War II, one of the chief problems with which we were 
confronted was that of contributing to increase the Nation's production 
facilities. 

In 1945 we will probably be faced with even greater complications. 
First, we must continue to produce at high speed in response to govern- 
ment needs. Second, the end of the European phase of the war, which we 
all hope will come early during the coming year, will find us with curtailed 
schedules. Third, we will be face to face with the problems involved in 
taking the first steps in a conversion program. 

As engineers we must be in a position to furnish accurate technical 
data and information to our superiors. There will be no room for mistakes 
or errors of judgment. 

Each one of us must look to the future with the full realization that 
his skill will be taxed as never before and that in this transition year we 
must shoulder more responsibility than we have ever shouldered in the past. 

Sincere in the belief that the activities of the Association of Iron 
and Steel Engineers will help each one of us in meeting our new responsi- 
bilities, the officers and directors of the Association ask the earnest coopera- 
tion of everyone in carrying out its programs for the ensuing year. 
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J. S. MURRAY was educated In the Toronto, Ohlo, public schools, 
Carnegie Institute of Technology, and the students course at Westing- 
house Electric and Manufacturing Company, East Pittsburgh, Penn- 
sylvania. Mr. Murray entered the employ of Westinghouse In 1916, 
in the research and sales department. He entered consulting engineer- 
ing work at Pittsburgh in 1918. In 1920 he went with the Follansbee 
Brothers Company as chief electrical engineer. He has supervised the 
production, test and application of silicon steel sheets produced by 
the Follansbee Steel Corporation since 1932. 


FREEMAN H. DYKE graduated from Phillip Andover Academy 
and from the Massachusetts Institute of Technology. Mr. Dyke started 
in the steel business with the Wheeling Steel Corporation at their 
Portsmouth plant in 1920, and with the exception of three years with 
the Jones and Laughlin Steel Corporation he has been with Wheeling 
Steel Corporation continuously. After serving in several capacities in 
various departments, Mr. Dyke became superintendent of the bloom- 
ing, bar and hot strip mills at the Steubenville plant, and has recently 
been made assistant general manager in charge of steel works. 


J. D. JONES, chief engineer of the Youngstown Sheet and Tube 

Company, Youngstown, Ohlo, was born and reared In Pittsburgh and 
was educated at Pittsburgh Academy. From the outset he was in- 
terested In steel and set out to obtain a wide range of experience in the 
production of steel. He has worked in steel plants in Wheeling, Chicago, 
Buffalo, Pittsburgh and other cities. 
PP Im 1912, Mr. Jones went to Sault Ste. Marie as chief engineer of 
the Algoma Steel Company. In 1916 he went to the Gary works of the 
Illinois Stee! Company as chief engineer until the latter part of 1919, 
when he returned to Algoma Steel Company as general superintendent 
later becoming general manager and vice president. He went to Youngs- 
town Sheet and Tube in August, 1935. 


A. J. FISHER was graduated from the Colorado State preparatory 
school and later from the University of Colorado, college of engineering, 
with a degree of M. E. in mechanical engineering. Mr. Fisher began his 
steel mill employment with the Bethlehem Steel Company at the 
Maryland plant as assistant st hanic of the sheet and tin mill 
division in 1924. After serving in several capacities in various depart- 





STANLEY GRAND-GIRARD 
DIRECTOR 


Cc. H. WILLIAMS | 
DIRECTOR AT LARGE 


ments, Mr. Fisher became fuel engineer in 1929, holding that position 
at the present time. 


Cc. H. WILLIAMS was graduated from the University of Colorado 
In 1926 and was employed by Jones and Laughlin Steel Corporation as 
shear foreman in their Pittsburgh plant. In 1927 he became a junior 
engineer In the power department of National Tube Company at 
Pittsburgh, shifting In 1930 to the Ohio Works of Carnegie Steel Com- 
pany. Here he served successively as junior engineer, power and fuel 
engineer, and assistant chief engineer. In 1940 Mr. Willlams was trans- 
ferred to the Pittsburgh office of Carnegie-iilinois Steel Corporation 
as power and fuel engineer on the staff of the chief engineer, and was 
subsequently appointed assistant chief engineer of the Pittsburgh 
district. In 1941 he was placed in charge of a newly organized defense 
engineering staff to coordinate the engineering of defense steel! plant 
expansions of the company in the Pittsburgh district. He was subse- 
quently transferred to the United States Stee! Corporation of Delaware 
as assistant to the vice-president of engineering, and In 1943 to chief 
engineer of the Pittsburgh district, Carnegle-Illinols Steel Corporation. 


STANLEY GRAND-GIRARD was born at Circleville, Ohio, in 1890, 
graduating from Everts High School in 1908, and from Purdue Uni- 
versity in 1912. He started with the Youngstown Sheet and Tube Com- 
pany as inspector helper, advancing to the position of general electrical 
foreman of the coke plant. In 1917 he joined Republic Iron and Steel 
Company as assistant electrical engineer, remaining there until 1928, 
when he went with Sharon Steel Corporation, where he now holds the 
position of superintendent of electrical and mechanical departments, 


J. H. MILLER worked for the Georgia Power Company from 1922 
to 1929 in various capacities, from cooperative student to substation 
testing, obtaining a B. S. degree from Georgia Tech in 1927. 

He then entered the test course of the General Electric Company 
at Schenectady and was transferred to the St. Louis service shop of 
that company in 1930. In 1935, he went to the Wisconsin Steel Works of 
the International Harvester Company as electrical draftsman, advanc- 
ing to the position of assistant electrical superintendent in 1936, and 
electrical superintendent in 1939. 
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DIRECTOR 
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DIRECTOR 
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FREEMAN H. DYKE 
SECOND VICE PRESIDENT 


T. C. MAYBERRY began his career in 1920 in the cold strip depart- 
ment of the Greer Steel Company at Dover, Ohio, as a helper on the 
cold reducing tandem mill. In 1921 he went to Trumbull Steel Com- 
pany, Warren, Ohlo, where he worked as helper, roller, and turn fore- 
man until early 1931. He then went to Wheeling Steel Company as 
general foreman of the cold reducing sheet mill department. In Janu- 
ary, 1934, he was employed as superintendent of the cold reducing 
tinplate department of the Youngstown Sheet and Tube Company, 
Indiana Harbor Plant, being transferred in 1935 to the Youngstown, 
Ohio, Plant, as assistant superintendent of the cold reducing sheet 
mill. He next went to Great Lakes Steel Corporation in 1936 as super- 
intendent of the cold reducing sheet mill. in 1940 he was appointed 
assistant general superintendent of the Great Lakes Stee! Corporation, 
and in 1941 he was promoted to his present position as general super- 
intendent. 


F. C. SCHOEN was born in Cleveland, Ohio, in 1907, and in 1930 
received a B.S. degree in Electrical Engineering from the Case School 
of Applied Science. 

He was then employed by the General Electric Company, Fort 
Wayne, Indiana, as a student engineer, moving in 1933 to Republic 
Steel Corporation, Massillon, Ohio, as a motor inspector and advancing 
to the position of electrical maintenance foreman. 

In 1938, he transferred to the Midvale Company, Philadelphia, as 
an assistant to the plant engineer, later being made master mechanic. 
In 1943, Mr. Schoen was given an M.S. degree in mechanical engineer- 
ing from Towne Scientific School of University of Pennsylvania. During 
1944 he was advanced to his present position as plant engineer of the 
Midvale Company. 


L. R. MILBURN was graduated from the University of Michigan 
with a degree of electrical engineering in June, 1918. From July, 1918, 
until 1919 he went with the General Electric Company doing testing, 
complaint, installation, and apparatus sales work. In March 1925, he 


L. R. MILBURN 
DIRECTOR 


F. C. SCHOEN 
DIRECTOR 

















A. J. FISHER 
SECRETARY 


J. D. JONES 
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moved to the Louisville Gas and Electric Company where he did con- 
struction work until October, 1929, obtaining excellent knowledge of 
the working of the central station industry. Starting his stee! mill 
career in October, 1929, with the Great Lakes Steel Corporation as 
electrical draftsman, Mr. Milburn remained in this position until 1933 
when he was appointed acting electrical engineer. In 1935 he was pro- 
moted to electrical engineer. 


PAUL J. BOWRON was graduated from Carnegie Institute of Tech- 
nology in 1926 with the degree of B.S. in chemical engineering. He then 
entered the employ of Koppers Construction Company, resigning after 
two years to take a position with Tennessee Coal, Iron and Railroad 
Company at Fairfield Stee! Works, in the steam engineering depart- 
ment. He then spent two years in the fuel engineering department, 
five years in the metallurgical department, and two years as general 
practice man at Fairfield Steel Works, being placed in the position of 
assistant superintendent of annealing when Fairfield tin mill was under 
construction in 1937 and advanced later to his present position as 
superintendent of the department. 


J. H. VOHR was graduated from Cornell University in mechanical 
and electrical engineering in 1916 and became associated with the New 
York State Railways as an electrical engineer. After serving in World 
War I, he joined the American Sheet and Tin Plate Company at Farrell, 
Pennsylvania, and later was transferred as assistant superintendent of 
strip mills to the company’s plant at Gary. After leaving the company 
in 1931, he was engaged with the installation and operation of the wide 
strip mills of the Inland Steel Company and Youngstown Sheet and 
Tube Company. in 1936 he joined the Granite City Steel Company, 
Granite City, Illinois, as superintendent of the hot and cold strip 
mills and was promoted in 1937 to general superintendent of plants. 
In 1942 he transferred to the Carnegie-Iilinois Stee! Corporation, being 
stationed at the general offices in Pittsburgh until his appointment in 
1943 as assistant to general superintendent of South Works at Chicago, 
Iinois, 
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National Committees for 1943 
ASSOCIATION OF IRON AND STEEL ENGINEERS 


ADVISORY COMMITTEE 


Past Presidents, A. |. S. E. 


FARRINGTON, Electrical Superintendent, 
Wheeling Steel Corporation, Steubenville, Ohio. 


JOHN C. REED, Electrical Superintendent, Bethlehem 
Steel Company, Steelton, Pennsylvania. 

F. P. TOWNSEND, Development Engineer, Copperweld 
Steel Company, Glassport, Pennsylvania. 

L. R. PALMER, National Safety Council, New York, 
New York. 


E. FRIEDLANDER (Retired), Los Angeles, California. 
F. D. EGAN (Retired), Buffalo, New York. 


D. M. PETTY, President, Philadelphia, Bethlehem and 
New England Railroad Company, Bethlehem, Pennsy!- 
vania. 


E. S. JEFFRIES, General Manager, Universal Boring 
Machine Company, Hudson, Massachusetts. 

W. S. HALL, Chief Engineer, Chicago District, Carnegie- 
Illinois Steel Corporation, Chicago, Illinois. 

R. B. GERHARDT, Chief Engineer of Construction, Beth- 
lehem Steel Company, Bethlehem, Pennsylvania. 

R. 5. SHOEMAKER, Lubrication Engineer, American 
Rolling Mill Company, Middletown, Ohio. 

A. C. CUMMINS, General Superintendent, Youngstown 
District, Carnegie-Illinois Steel Corporation, Youngs- 
town, Ohio. 

G. H. SCHAEFFER, Electrical Engineer, Carpenter Steel 

Company, Reading, Pennsylvania. 
. 5. WALES (Retired), Youngstown, Ohio. 


’. W. CRAMER, Electrical Engineer, Carnegie-Illinois 
Steel Corporation, Pittsburgh, Pennsylvania. 


Chairman: F. O. SCHNURE, Electrical Superintendent, 
Bethlehem Steel Company, Sparrows Point, Maryland. 


J. J. BOOTH, Superintendent of Maintenance, Carnegie- 
Illinois Steel Corporation, Duquesne, Pennsylvania. 


J. D. DONOVAN, Superintendent of Construction, Arthur 
G. McKee Company, Cleveland, Ohio. 

W. H. BURR, Electrical Superintendent, Lukens Steel 
Company, Coatesville, Pennsylvania. 

H. G. R. BENNETT, Engineer, Hot Rolling Mills, Car- 

negie-Illinois Steel Corporation, Pittsburgh, Pennsyl- 

vania. 

F. COFFIN, Superintendent, Mechanical Department, 

Bethlehem Steel Company, Sparrows Point, Maryland. 

C. CLARKE WALES, Engineering Department, Jones 
and Laughlin Steel Corporation, Pittsburgh, Pennsyl- 
vania. 

J. A. CLAUSS, Vice President in Charge of Engineering, 
Great Lakes Steel Corporation, Ecorse, Detroit, 
Michigan. 

W. A. PERRY, Superintendent, Electrical and Power De- 

partments, Inland Steel Company, East Chicago, 

Indiana. 

E. FLYNN, District"Manager, Republic Steel Corpo- 

ration, Warren, Ohio. 

CHAS. L. McGRANAHAN, Assistant General Superin- 
tendent, Jones and Laughlin Steel Corporation, Pitts- 
burgh Works, Pittsburgh, Pennsylvania. 
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MEMBERSHIP COMMITTEE 


Chairman: FREEMAN H. DYKE, Assistant General Manager, 
Wheeling Steel Corporation, Steubenville, Ohio. 


Vice-Chairman: RALPH B. KRAFT, Vice President, Lewis Foundry 
and Machine Division, Blaw-Knox Company, Pittsburgh, 
Pennsylvania. 


ERIC L. ANDERSON, Electrical Superintendent, Bethlehem Steel 
Company, Johnstown, Pennsylvania. 

H. W. NEBLETT, Special Engineer, Inland Steel Company, East 
Chicago, Indiana. 

C. H. WILLIAMS, Chief Engineer, Pittsburgh District, Carnegie- 
Illinois Steel Corporation, Pittsburgh, Pennsylvania. 


CHAS. L. McGRANAHAN, Assistant General Superintendent, Jones 
and Laughlin Steel Corporation, Pittsburgh Works, Pittsburgh, 
Pennsylvania. 


C. E. PRITCHARD, Lubrication Engineer, Republic Steel Corpo- 
ration, Cleveland, Ohio. 


H. R. ZIMMERMAN, Superintendent Power and Fuel, Carnegie- 
Illinois Steel Corporation, Gary Sheet and Tin Mill, Gary, 
Indiana. 


ROBERT W. COUCH, Assistant Superintendent Maintenance, 
Bethlehem Steel Company, Saucon Plant, Bethlehem, Pennsy)- 
vania. 


J. S. LOTHER, Buyer, Purchasing Department, Tennessee Coal, 
Iron and Railroad Company, Birmingham, Alabama. 


C. E. 8. EDDIE, Assistant Superintendent Power and Fuel, Great 
Lakes Steel Corporation, Ecorse, Detroit, Michigan. 


M. J. BRADLEY, Field Engineer, Leeds and Northrup Company, 
Philadelphia, Pennsylvania. 


A. A. PIPER, District Manager, Electric Controller and Manufac- 
turing Company, Chicago, Illinois. 


R. A. GEUDER, Manager Applied Engineering, Reliance Electric 
and Engineering Company, Cleveland, Ohio. 


RALPH H. SCHOLL, Sales Manager, Pittsburgh Rolls Division, 
Blaw-Knox Company, Pittsburgh, Pennsylvania. 


CHAS. J. CHAPMAN, Assistant Manager, National Carbon Com- 
pany, Inc., Atlanta, Georgia. 


C. F. COWLEY, Lubrication Engineer, Fiske Brothers Refining 
Company, Detroit, Michigan. 


STANDARDIZATION COMMITTEE 


General Chairman: F. W. CRAMER, Electrical Engineer, Carnegie- 
Illinois Steel Corporation, Pittsburgh, Pennsylvania. 


Special Committees appointed when and as required. 


MEETINGS AND EDITORIAL COMMITTEE 


Chairman: J. LEDLIE MILLER, President, A. I. S. E. 
L. R. MILBURN, Chairman, Electrical Engineering Division. 


J. H. STRASSBURGER, Chairman, Mechanical and Welding Divi- 
sion. 


G. E. REISER, Chairman, Lubrication Engineering Division. 

E. E. CALLINAN, Chairman, Combustion Engineering Division. 
T. J. McLOUGHLIN, Chairman, Operating Practice Division. 
J. B. MITCHELL, Chairman, Rolling Mill Division. 

W. H. BURR, Chairman, Development Report Committee. 
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ELECTRICAL ENGINEERING DIVISION 


Chairman: L. R. MILBURN, Electrical Engineer, Great Lakes Steel 
Corporation, Ecorse, Detroit, Michigan. 

ERIC L. ANDERSON, Electrical Superintendent, Bethlehem Steel 
Company, Johnstown, Pennsylvania. 

F. W. CRAMER, Electrical Engineer, Carnegie-Illinois Steel Corpo- 
ration, Pittsburgh, Pennsylvania. 

H. R. FORD, Assistant to Electrical Superintendent, Wheeling Steel 
Corporation, Steubenville, Ohio. 

K. W. HARRIS, Electrical Engineer, Republic Steel Corporation, 
Warren, Ohio. 

GEORGE A. KAUFMAN, Chief Electrical Engineer, Jones and 
Laughlin Steel Corporation, Pittsburgh, Pennsylvania. 

L. A. WYND, Electrical Superintendent, Republic Steel Corpo- 
ration, Chicago, Illinois. 

MALCOMB B. ANTRIM, Technical Assistant to Electrical Super- 
intendent, Lukens Steel Company, Coatesville, Pennsylvania. 

I. N. TULL, Electrical Superintendent, Republic Steel Corporation, 
Cleveland, Ohio. 


A. D. HOWRY, Electrical Engineer, Alan Wood Steel Company, 
Conshohocken, Pennsylvania. 


MECHANICAL AND WELDING DIVISION 


Chairman: J. H. STRASSBURGER, Manager, Department of 
Service and Maintenance, Weirton Steel Company, Weirton, 
West Virginia. 

ALFRED T. HALSTEAD, Assistant Superintendent, Mechanical 
Department, Bethlehem Steel Company, Sparrows Point, Mary- 
land. 

H. W. NEBLETT, Special Engineer, Inland Steel Company, East 
Chicago, Indiana. 

FLOYD S. ECKHARDT, Chief Engineer, Bethlehem Steel Com- 
pany, Lackawanna, New York. 

R. N. THOMPSON, Mechanical Engineer, Great Lakes Steel Corpo- 
ration, Ecorse, Detroit, Michigan. 


W. I. MANLEY, Superintendent, Mechanical Department, Republic 
Steel Corporation, Youngstown, Ohio. 

HUGH B. CONOVER, Repair and Maintenance Engineer, Carnegie- 
Illinois Steel Corporation, Pittsburgh, Pennsylvania. 

H. R. ZIMMERMAN, Superintendent Power and Fuel, Carnegie- 
Illinois Steel Corporation, Gary Sheet and Tin Mill, Gary, 
Indiana. 


E. W. GRUBER, Plant Engineer, Wheeling Steel Corporation, York- 
ville, Ohio. 


LUBRICATION ENGINEERING DIVISION 
Chairman: G. E. REISER, Assistant Lubrication Engineer, Bethlehem 
Steel Company, Lackawanna, New York. 


C. E. PRITCHARD, Lubrication Engineer, Republic Steel Corpo- 
ration, Cleveland, Ohio. 


C.E.S. EDDIE, Assistant Superintendent Power and Fuel, Great Lakes 
Steel Corporation, Ecorse, Detroit, Michigan. 


D. N. EVANS, Lubrication Engineer, Inland Steel Company, East 
Chicago, Indiana. 


S. C. GRIFFITH, Lubrication Engineer, Jones and Laughlin Steel 
Corporation, Pittsburgh, Pennsylvania. 


C. C. PECU, Lubrication Engineer, Bethlehem Steel Company, 
Lackawanna, New York. 


H. W. SHAFFER, Assistant Lubrication Engineer, Carnegie-Illinois 
Steel Corporation, Youngstown, Ohio. 


R. S. SHOEMAKER, Lubrication Engineer, American Rolling Mill 
Company, Middletown, Ohio. 


F. L. GRAY, Lubrication Engineer, Carnegie-Illinois Steel Corpo- 
ration, Gary, Indiana. 
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COMBUSTION ENGINEERING DIVISION 


Chairman: E. E. CALLINAN, Combustion and Refractories Engineen 
Timken Roller Bearing Company, Steel and Tube Division. 
Canton, Ohio. 

C. J. WYROUGH, Superintendent, Steam Efficiency and Combustion 
Department, Jones and Laughlin Steel Corporation, Pittsburgh, 
Pennsylvania. 

HAROLD C. COX, Superintendent, Steam and Combustion Depart- 
ments, Bethlehem Steel Company, Johnstown, Pennsylvania. 

HENRY S. HALL, Fuel Engineer, Lukens Steel Company, Coates- 
ville, Pennsylvania. 

J. L. HOTT, Superintendent, Steam and Fuel Departments, Great 
Lakes Steel Corporation, Detroit, Michigan. 

E. J. WAGAR, Superintendent, Steam Efficiency and Combustion 

len Department, Jones and Laughlin Steel Corporation, Cleveland, 

0. 

JOHN J. ALEXANDER, Assistant Power Superintendent, Republic 
Steel Corporation, Cleveland, Ohio. 

E. J. KOHN, Chief, Bureau of Steam Engineering, Tennessee Coal, 
Iron and Railroad Company, Ensley, Alabama. 

C. W. BRUCE, Combustion Engineer, Republic Steel Corporation, 

South Chicago, Illinois. 


OPERATING PRACTICE DIVISION 


Chairman: T. J. McLOUGHLIN, Assistant to Vice President in 
Charge of Operations, Carnegie-Illinois Steel Corporation, Pitts- 
burgh, Pennsylvania. 

W. H. COLLISON, Superintendent, Coke Plant, Blast Furnace Divi- 
sion, Great Lakes Steel Corporation, Ecorse, Detroit, Michigan. 

R. H. GELDER, Works Metallurgist, American Rolling Mill Com- 
pany, Ashland, Kentucky. 

JOHN H. VOHR, Assistant to General Superintendent, Carnegie- 
Illinois Steel Corporation, South Works, Chicago, Illinois. 

H. W. CAMPBELL, Plant Engineer, Interlake Iron Corporation, 
Toledo. Ohio. 

C. A. KRAL, Manager, Tin Plate Division, Jones and Laughlin Steel 
Corporation, Aliquippa, Pennsylvania. 

D. W. LLOYD, Jr., Superintendent, Rolling Mills, The Youngstown 
Sheet and Tube Company, Brier Hill Works, Youngstown, Ohio. 


JOHN B. HILL, Superintendent, Blast Furnaces, Bethlehem Steel 
Company, Lackawanna, New York. 


A. K. BLOUGH, Superintendent, Electric Furnaces and Open Hearth, 
Republic Steel Corporation, Canton, Ohio. 


ROLLING MILL DIVISION 


Chairman: J. B. MITCHELL, Superintendent, Rolling Mills De- 
partment, Jones and Laughlin Steel Corporation, Pittsburgh, 
Pennsylvania, 

ROSS E. BEYNON, Superintendent, Roll Shop, Carnegie-Illinois 
Steel Corporation, Chicago, Illinois. 

ALEX MONTGOMERY, JR., Assistant General Superintendent, 
Carnegie-Illinois Steel Corporation, Duquesne, Pennsylvania. 
ROBERT S. CRAWFORD, Superintendent, Roll Department, Timken 

Roller Bearing Company, Steel and Tube Division, Canton, Ohio. 

VICTOR M. SURERUS, Superintendent, Roll Department, Inland 
Steel Company, East Chicago, Indiana. 

LOUIS MOSES, Superintendent, Rail Mill and Roll Department, 
Bethlehem Steel Company, Sparrows Point, Maryland. 

ANDERS G. ERICSON, Chief Engineer, Carnegie-Illinois Steel 
Corporation, Munhall, Pennsylvania. 

STEVENSON FINDLATER, Development Engineer, National Tube 
Company, Pittsburgh, Pennsylvania. 


F. G. KREDEL, Superintendent, Bar Mills, Republic Steel Corpo- 
ration, Cleveland, Ohio. 
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The experiments being run in this Westinghouse furnace at Heppenstall Co. Pittsburgh, Pa. 
aresecret — but it’s no secret that the Micromax Controllers, Duration Adjusting Type, 
(“D.A.T.”) in the background are providing the necessary close control of temperature. 


“D.A.T.” Gives New Precision 
For Electrically Heating 
Almost Anything! 


The Heppenstall Co. has for many years used L&N temperature 
controllers in their laboratories — and when the new type Micromax 
Recording Controller, Duration Adjusting Type (D.A.T.) was 
developed, they were quick to investigate it for use on their Westing- 
house electric furnaces. They were convinced that this new Con- 
troller would give closer regulation than ever before, but they were 
frankly doubtful that these instruments — or any instruments — 
could hold the extremely close control which we were inclined to 
think would result. 


But close control is exactly what they’re getting — in fact, 
a glance at the chart at right shows that Heppenstall is now getting 
straight line control. The Micromax D.A.T. Controller accomplishes 
this because it has a new way of proportioning the amount of heat 
supplied to the amount required, and its automatic droop corrector, 
working continuously, corrects temperatures at the control point 
as well as below and above it — in other words, there’s no dead spot 4 
in this vital control action. 


If your heating unit is electric, Micromax D.A.T. Controllers 
will give you heat-treating precision — rapidly and reliably. For 
more complete information about this precise method of controlling Chart from one of Heppenstall’s Micromax 


electric heating units, send for Catalog N-OOA(2). D.A.T. Controllers shows the | straight- 
line temperature being maintained. 





LEEDS & NORTHRUP COMPANY, 4942 STENTON AVE., PHILA., PA. 


LEEDS & NORTHRUP 


MEASURING INSTRUMENTS - TELEMETERS - AUTOMATIC CONTROLS - HEAT-TREATING FURNACES 








A Slogan For Every American 
Ir} Ad N-O0A(7) 


112 IRON AND STEEL ENGINEER, JANUARY, 1945 





The fan 
of th 


“Fan Engi 
air Enginee 
740 pages of 


Price $4.00 
U.S. A. 





IRON AND S 














Insert shows new all-welded rotor of high pressure Buffalo Blower. Large illustration shows Vacuum Test Pit. 


Test Pit Makes New, Hi-Efficiency, 
Hi-Speed, All-Welded Wheels Possible 


_— For many years, fan manufacturers have been limited by the unknown speeds at which 
fan rotors will fail. Because high speed fans are not ordinarily sold in quantity, cost of 
testing single rotors has been prohibitive. For example, to test a 36 inch rotor at 2000 rpm 
requires 50 hp, at, say, 4000 rpm, the horsepower mounts to 400. Step this speed up to 
8000 rpm and 3200 hp is required. Larger wheels, of course, run proportionately higher. 

Because of this, fan manufacturers have in the past wisely kept speeds well below the 
theoretical limits, so that wheel failures have been infrequent. Sometimes maximum 
efficiency has been sacrificed because of this fact. 

“Buffalo” engineers dissatisfied with this method of design, built the vacuum test pit 
where rotors are tested to destruction in an almost perfect vacuum. Because there is no 
air resistance, rotors may be operated at speeds up to 60,000 rpm. In the pit, horsepower 
requirements, exclusive of bearing friction, are only 1/4000th of that required in the 
atmosphere. 

The fan is the heart As a result of experiments “in the pit’’ Buffalo now offers new high pressure blowers 
of the svstem and higher pressure centrifugal compressors. These have newly designed rotors some of 
: which are all-welded. Efficiencies are high —- maintenance costs are nil, and the user can 
“Fan Engineering’ — the be sure of fine performance on the job. 
air Engineers Handbook Your requirements may never call for high pressure fans, but when you buy even a 
740 pages of useful data. disk fan, it’s nice to know that the manufacturer is leading the field in the search for 
better products. 
Price $4.00 Postpaid in “Buffalo” engineering sales representatives located in all principal cities will be glad 
U.S. A. to give you full information about Buffalo fans and air conditioning equipment 
call them. 


7 BUFFALO FORGE COMPANY pm 


173 MORTIMOR STREET BUFFALO, N. Y: WAR 


“First Canadian Blower & Forge Co., Ltd., Kitchener, Ont. BONDS 
For Fans” 
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THE INTERNATIONAL NICKEL COMPANY, INGE. 


67 Wall Street, New York 5, N. Y. 
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you have no information” 



























Tuar’s AN UNWRITTEN LAW in many laboratories today. Because 
“National” graphite’s purity—99.979%—could be expressed as a number, 
the manufacturer’s engineers knew what its performance characteristics 
would be when used as the anode and anode shield material in this 
Ignitron Rectifier. 

Across the nation, banks of these rectifiers are serving war plants, 
traction companies, shipyards and mills efficiently and dependably. 

Engineers have long: known that graphite does not fuse, soften or 
warp, and has nearly perfect heat radiation properties. Thus, in many 
types of both vacuum and gas-filled industrial and radio tubes where great 
heat must be dissipated, or where warpage of multiple tube components 
must be prevented, graphite is the ideal material. 

As pioneers in the carbon and graphite manufacturing business in 
America, National Carbon Company has brought to highest perfection 
the art of making high-purity graphite. That is why “National” High- 
Purity Graphite is most frequently specified for vital industrial and radio 
tube components. Graphite of even higher purity is supplied for some 
applications. We welcome the opportunity to discuss the advantages of 
this “National” electronic graphite. 





NATIONAL CARBON COMPANY, INC. 
Unit of Union Carbide and Carbon Corporation 


uc 
General Offices: 30 East 42nd Street, New York 17, N. Y. 


Division Sales Offices: Atlanta, Chicago, Dallas, Kansas City, 
New York, Pittsburgh, San Francisco 











The registered trade-mark ‘National’ distinguishes products of National Carbon Company, Inc. 


Keep your eye on the infantry ...the Doughboy does it! 








45 





IRON AND STEEL ENGINEER, JANUARY, 1945 115 














it DE LAVAL 


HELP YOU SELECT THE 





TURBINES +H 


WORM (< 


CENTRIFUGAL 


TRIFUGAIL 


PRESSOR 


116 


oo large 

a worm gear is un- 

necessarily expensive; too 

small a gear invites failure. 

Correct selection depends not 

only side transmitted horsepower’ 

and ratio of reduction but also upon con- 

tinuity of operation, shock and other load 
characteristics. The recommendations of the De © 

Laval representative assure you of the right drive 

at the right price. He is backed by Home Office 
engineering experience, gained in furnishing worm gear 


drives for all classes of service over the last twenty years. 


Specifications alone do not make a worm gear 











27EAR 


LOW 


WORM GEAR DIVISION 


DE LAVAL 


STEAM TURBINE COMPANY - TRENTON 2, NEW JERSEY 
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Whether veterans return to jobs or 
unemployment, whether post-war 
buyers spend or hoard their hundred 
billion dollars now in banks and 
bonds, whether America’s transition 
to a peacetime economy will be 
smooth or chaotic, depends to a 
large extent on what you do now. 
War production must come first, 
but many will have died in vain 
if victory finds us unprepared for 
peace .. . Every business executive 
must recognize the importance of 
his individual part in the planned 
program of reconversion. 
HERE’S THE IDEA... (1) Make an 
immediate analysis of your reason- 
able needs to begin post-war busi- 
ness. (2) Place unrated orders for 


Help make it CASY 


this material to be delivered as soon 
as restrictions permit. (3) Advise 
your customers to do the same. 
(4) Keep up-to-date on W.P.B. and 
O.P.A. rulings. 

HERE'S HOW IT Works... Unrated 
orders placed now permit suppliers 
to anticipate your needs and begin 
production on them as soon as the 
W.P.B. lifts the bars. This assures 
you of a quicker return to civilian 
business and customers’ orders placed 
with you provide a back-log to start 


you off when Uncle Sam ceases to 
be the big buyer. , 

With all business following this 
plan America will be ready to cap- 
ture and hold a gigantic world 
market. The money to prime the 
pump of business is here—17 billions 
of foreign dollars in gold and credits 
as well as our own piled up savings 
with which to satisfy a four-year 
accumulation of civilian needs. This 
plan will provide jobs for G.I. Joe. 
Your job is to work the plan. 


HEPPENSTALL, the most dependable name in forgings 








Your personal war effort is important (1) Push production (2) Buy bonds (3) Plan for peace 


HEPPENSTALL CO., PITTSBURGH 1, PA. 





BRISTOL-ROCKWELL 
DILATOMETER 
MODEL A-134 





RHEOSTAT 








You can get four important types of information 
about temperature effects on metal—easily and ac- 
curately—from the improved model of the Bristol- 
Rockwell Dilatometer: 


. 


® Critical points of carbon steel 

® Coefficients of expansion 

® Composition (from thermal curves) 
® Heating rates and heat saturation 


Temperature-dilatation and temperature-time 
changes are recorded simultaneously during heating 
and cooling cycles. 


= 
\ 











The Bristol Co. of Canada, Ltd. THE BRISTOL COMPANY, 123 Bristol Road 
WATERBURY 91. CONN. 


Toronto, Ontario 





AUTOMATIC CONTROLLING AND RECORDING INSTRUMENTS 


RECORDING 
INSTRUMENT 


PYROMASTER 
- POTENTIOMETER 


QUENCHING 
TANK 


HOW METAL ACTS 


when 


HEATED AND COOLED 
...Chardted on Paper 





The built-in electrical furnace (rheostat-controlled) 
heats to 2500°F. It takes samples up to 5” x 1%" 
(best sample sizes: 214” to 314” long). Ferrous and 
non-ferrous metals can be tested. 


Quenching Tank 


An added feature is the quenching tank which can 
be raised to the quench position without moving the 
sample or interfering with the dilatation measuring 
system. 


For full information send for Bulletin No. W1803 


London, N.W. 10, England 
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Bristol’s Instrument Co., Ltd. 
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Tuusreatep here is a handling 
operation essential to supplying a 
fighter-bomber assembly line. It is 
the kind of job for which the truck 
must be continuously on duty 
throughout every shift. 

It is thus the kind of job to which 
a battery industrial truck is well 
adapted because of its inherent 
characteristics. With batteries ex- 
changed two or three times per 24- 
hour day — a job that is easily done 
in a minute or two—the truck is 
continuously supplied with power. 
While one battery operates the 
truck, another is charged. 

Except to exchange batteries, the 
truck need not stop work for serv- 
icing of its power unit. Its electric- 
motor drives are inherently simple 
and trouble-free. No other type of 
truck has so few wearing parts and 
the current used for charging its 
batteries is the lowest-cost power 
available for truck operation. 

Altogether the battery industrial 
truck is one of the most dependable 
and economical types of handling 
equipment — especially when pow- 
ered by Edison Alkaline Batteries. 
With steel-cell construction, a solu- 
tion that is a preservative of steel, 
and a foolproof electrochemical 
principle of operation, they are the 
longest lived, most durable . and 
most trouble-free of all batteries. 
Edison Storage Battery Division of 
Thomas A. Edison, Incorporated, 
West Orange, New Jersey. 
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—— ALKALINE BATTERIES 
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@ Now is the time to plan the 
future of your plant. 


Blast furnaces have been operat- 
ing at capacity to meet the demand 
for maximum production but the 
postwar period will bring ademand 
for low-cost production. Altera- 
tions or improvements may be 
necessary to put your plant in 
condition to meet this demand. 


Arthur G. McKee & Company 
can handle many of your postwar 
improvements or alterations while 
your furnaces are being relined. 


By making plans now for any 
rehabilitation anticipated during 
the next five years, work on your 
plant can be scheduled so that 
relining and alterations proceed 
simultaneously. 


Consult the McKee organization 
before relining to determine the 
extent to which your plant effi- 
ciency can be increased while 
relining is in progress. 
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MANUFACTURER ENTERS 


RUBBER MACHINERY FIELD 


A The United Engineering and 
Foundry Company of Pittsburgh, 
Pennsylvania, one of the leading pro- 
ducers of rolls and rolling mill equip- 
ment for the steel and non-ferrous 
industries, has acquired the Adamson 
Machine Company of Akron, Ohio, 
one of the largest producers of mach- 
inery for the rubber industry. The 
consideration was approximately 
$1,500,000. 

The Adamson Company will be re- 
organized as the Adamson United 
Company, a wholly owned subsidiary 
of United. K. C. Gardner, president 
and general manager of United will 
become chairman of the board of 
Adamson United. F. L. Dawes, for- 
merly general manager of Adamson 
will be president and general man- 
ager of Adamson United. Andrew 
Hale, formerly associated with the 
Farrel-Birmingham Company will be 
vice president in charge of sales and 
engineering. John L. Young, vice 
president of United will also serve as 
vice president of Adamson United. 
George V. Lang, treasurer of United 
will be secretary and treasurer of the 
new company. George Fenn, formerly 
of Adamson will be assistant secretary 
and treasurer. 

The board of directors of Adamson 
United will be K. C. Gardner, F. C. 
Biggert, chairman of the Board of 
United Engineering, F. L. Dawes, 
Andrew Hale, George V. Lang, John 
Quinn, manager of United’s Canton 
Ohio plant, and Harry M. Naugle of 
Canton, Ohio. 


KOPPERS COMPLETES 
10 BATTERIES IN 1944 


A Construction of ten batteries of 
by-product coke ovens, totaling 622 


ovens with an annual coal carbonizing 
capacity of 4,809,000 tons, was com- 
pleted by Koppers Company, Inc., 
Engineering and Construction Divi- 
sion in 1944. 

During the year the company also 
started construction of six additional 
batteries, totaling 457 ovens, with an 
annual coal carbonizing capacity of 
4,027,000 tons. 

Firms for whom ovens were com- 
pleted in 1944, the number of bat- 
teries, total ovens and coal carboniz- 
ing capacity are: Colorado Fuel and 
Iron Corporation, Pueblo, Colorado, 
one battery, 74 ovens, 500,000 tons; 
Bethlehem Steel Company, Lacka- 
wanna, New York, two batteries, 114 
ovens, 907,000 tons; Koppers Com- 
pany, Incorporated, Seaboard Divi- 
sion, Kearny, New Jersey, one bat- 
tery, 65 ovens, 492,000 tons; Sheffield 


MASS PRODUCTION — 


1) tm 4, kes 


= 


Steel Company, Houston, Texas, one 
battery, 47 ovens, 383,000 tons; Lone 
Star Steel Company, Daingerfield, 
Texas, one battery, 78 ovens, 633,000 
tons; Geneva Steel Company, Geneva, 
Utah, three batteries, 189 ovens, 
1,324,000 tons; Brazilian National 
Steel Company, Volta Redonda, Rio 
de Janeiro, Brazil, one battery, 55 
ovens, 570,000 tons. 

All are Koppers-Becker underjet 
type ovens with the exception of 114 
Koppers-Becker ovens completed for 
Bethlehem Steel and 140 Koppers 
ovens started for Carnegie-Illinois 
at Gary. 

Koppers-built ovens now total 
11,339 in the United States with a 
total annual coal carbonizing capacity 
of 80,877,000 tons, and 397 ovens in 
Canada with carbonizing capacity of 
2,965,000 tons. 


MANY OUT OF ONE 





Twenty torches in unique array, working in unison on an oxygraph at By- 
Products Stee! Corporation, division of Lukens Steel Company, Coates- 
ville, Pennsylvania, speed flame-cutting of steel plates for vital war 


materiel. 
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INCREASE EFFICIENCY 


DECREASE OPERATING COSTS 


N the design of ‘“Motor-Rollers”, Schloemann engineers 
have simplified electrical and mechanical requirements to 
increase efficiency and lower operating costs. 


Consider the following advantages of Schloemann 
“Motor-Rollers”: 


e FREE ACCESS ALONG BOTH SIDES OF THE TABLE 
e MINIMUM NUMBER OF ROTATING PARTS 


e LARGE PERCENTAGE OF ROLL SURFACE IN COM- 
PARISON TO OVER-ALL WIDTH OF TABLE 


é “MOTOR-ROLLERS” ACT AS IDLERS WHEN CUR- 
RENT IS DISCONNECTED 


Every Schloemann installation is engineered for the par- 
ticular requirements of its application. Complete details 
on request. 


SCHLOEMANN ALSO SPECIALIZES IN 
HYDRAULIC PRESSES « AIR-HYDRAULIC AC- 
CUMULATORS «+ EXTRUSION PRESSES « AC- 

CUMULATOR CONTROLS « ENGINEERING 

OF COMPLETE HYDRAULIC SYSTEMS 





1102 EMPIRE BUILDING 
HYDRAULIC 


PITTSBURGH 22, PA. 


PRESSES MILL MACHINERY 








ADDITIVE IMPROVES 
CYLINDER LUBRICATION 


A The Hood Refining Company, 
195 North Hamilton Avenue, Greens- 
burg, Pennsylvania, are now manu- 
facturing a new lubricant under the 
trade name of Gibraltar Oil Concen- 
trate. When added to or blended with 
any good grade of oil in the correct 
proportion, it produces a super-lubri- 
cant according to the manufacturer. 

Gibraltar Oil Concentrate is recom- 
mended industrially for all types of 
internal combustion engines such as 
steam and gas engines, turbines, air 
compressors, truck engines, vacuum 
pumps, aviation oils, etc. It thor- 
oughly mixes with any type of lubri- 
cating oil, will not settle out or segre- 
gate, and cannot be extracted by any 
filter. 

Processed under a secret formula, it 
prevents formation of hard carbon on 
valves and rings when used in air 
compressors and internal combustion 
engines. It gives better spreading or 
wetting action to the lubricant treated 
and actually penetrates the pores of 
the metal. Cylinder walls become 
saturated with oil and when the walls 
heat up, the oil exudes from the pores 
of the metal, giving instant lubrica- 
tion. Also because of its wetting 
ability and heat-resisting properties, 
Gibraltar Oil Concentrate is recom- 
mended to cut the feed of oil on air 
compressors. It will also definitely 
reduce the oil consumption in com- 
bustion engines. The manufacturer 
recommends that one part of Gibral- 
tar Oil Concentrate be added to eight 
parts of regular lubricating oil. 


PLASTIC USED IN 
ACID-PROOF APRON 


AA new heavy duty acid-proof 
apron, made with a treated fabric 
combined with a new plastic by a 
special calendering process which im- 
pregnates the fabric so the product is 
acid proof throughout is announced 
by The B. F. Goodrich Company, 
Akron, Ohio. 

The apron is made in one size only, 
35 inches by 47 inches, full. It weighs 
134 pounds complete with sturdy 
¥ inch wide tape, criss-cross shoulder 
design, attached securely with rein- 
forced grommets at top and side, and 
with edges hemmed throughout. It 
can be easily washed or cleaned with- 
out harm to its acid-proof qualities. 
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WIRE BRUSH OFFERS 
LONG LIFE, FAST CUTTING 


AA new power brush for removing 
burrs, preparing metal surfaces, work 
on rubber parts and many other appli- 
cations is announced by The Osborn 
Manufacturing Company, Cleveland, 
Ohio. 














In the applications for which it has 
been especially designed, the brush 
has a cutting rate four times as great 
and a brushing life three times longer 
than the best fine-wire brushes manu- 
factured up to this time, according to 
laboratory and field tests concluded 
by the manufacturer. The new brush, 
it is said, provides industry with a 
production tool capable of increasing 
production rates at a minimum end- 
of-service cost and extends the appli- 
cation of fine-wire brushes to work 
hitherto considered impractical. 

Designated as the Osborn Monitor 
Brush No. 1409-S-22, it is a 12-inch 
monitor section filled with .005-inch 
Osborn power brush wire and has a 
14-inch arbor hole. It is especially 
well suited to aluminum, brass, and 
other ductile metals for removing 
burrs effectively without damaging 
adjacent surfaces of the part, accord- 
ing to the company, and also will find 
extensive application on hardened 
and unhardened steel parts. This is 
because high level, uniform cutting 
ability is maintained throughout the 
life of the brush, a quality said to also 
make: the brush suitable for rubber 
parts and similar applications where 
there is considerable resistance to 
the fill-wire. 

While possessing the advantages of 
faster operation, wider application 
and important operating economies, 
the new brush also will appeal to oper- 
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ators, the company says, because its 
fast action reduces fatigue. Operators 
also will find that with its much faster 
cutting rate, the action is not harsher, 
but actually is smoother than the 
slower cutting brushes. 


J & L PURCHASES ELECTRIC 
WELDED TUBE PLANT 


AH. E. Lewis, president of Jones and 
Laughlin Steel Corporation, recently 
announced the purchase from Talon, 


Inc. of their electric welded tube 
plant, at Oil City, Pennsylvania. 

The plant has facilities for produc- 
ing electric welded mechanical and 
pressure tubing in sizes 5-inch to 
4-inch outside diameter, inclusive. Its 
products will supplement Jones and 
Laughlin’s present line of seamless, 
lapwelded and buttwelded tubular 
products. 

The new acquisition will be known 
as the Electric Weld Tube Division 
of Jones and Laughlin Steel Corpo- 
ration and will be operated with 
present personnel. 





MAN-POWER 
FUEL 
MATERIAL 
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Ohis Gage will do it! 


IT SAVES IN MAN POWER because it eliminates the necessity 
of making calculations to determine air excess or deficiency— 
does away with lost time in making experimental adjustments. 

It saves.in fuel because it indicates instantly when there is 
an incorrect proportioning of air and fuel. It is an infallible 
guide to highest possible combustion efficiency. 


It saves in material through producing greater uniformity 








in production methods, in minimizing spoilage, etc. It may be 
used for indicating not only the ratio of air flow to fuel flow— 
but the ratio between other functions such as pressure, draft, 
suction, temperature (up to 1000° F) speed in R.P.M. or inches 
per minute, position, level and others. 


The cross-pointer feature is exclusive with the Hays Visio- 
Retio Gage. It shows at a glance not only the amount of the 
two flows but the percentage of excess or deficiency existing 
between them. 

Send Jor 
AYS PUBLICATION 41-478 
ON CENTRALIZED 


CONTROL OF OPEN 
HEARTH FURNACES 


LURPURATIUN 























PHILCO 


STORAGE BATTERIES 

















he procession of Philco “Firsts”, cover- 

ing the whole field of motive power and 
stationary batteries, has set the pace in 
modern battery design. Check back over the 
developments which have contributed most 
to today’s higher capacities, increased effi- 
ciency, longer life and over-all lower cost ot 
storage battery power. The record shows 
you get it first with Philco. 


THE NEW PHILCO “'THIRTY"’ 


Newest of the long series of major storage 

battery developments pioneered by Philco, 
is the new Philco “Thirty”, the revolutionary battery 
that gives 30% longer life. Here is the motive power 
battery for industry’s toughest jobs, now and after the 
war. Write for information. Philco Corporation, 
Storage Battery Division, Trenton 7, New Jersey. 


For 50 Years a Leader in Industrial Storage Battery Development 





PHILCO PHILCO 2 PHILCO 
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DOWER TUBE DESIGNED 
FOR INDUCTION HEATING 


A new compact power tube, first 
a series especially designed for 
industrial use in high-frequency heat- 
ing equipment, has been developed by 
he Federal Telephone and Radio 
‘orporation of Newark, New Jersey, 
manufacturersfof a wide variety of 
-acuum tubes for electronic and com- 
junications equipment. 

This new tube, designated F-53083, 
s supplied with 6 in. flexible copper 
eads permanently secured to the tube 
erminals. This feature eliminates the 
lass damage frequently encountered 
yy industrial users in attaching and 
adjusting terminal clamps on the tube 
tself, and permits installation and 
maintenance by inexperienced per- 
sonnel. 

Some of the other outstanding de- 
sign features of this tube are its un- 
sually sturdy, conservatively spaced 
filament and grid elements, and an 
absence of ceramic insulation, both 
internal and external. These qualities 
make it ideally suited for use in elec- 
tronic heating equipment that must 
withstand the shocks and vibration 
commonly encountered in manu- 
facturing plant operations. 

















An oversize filament insures abun- 
dant emission throughout the life of 
the tube, and an extra-heavy anode 
wall provides large thermal capacity 
for added protection against momen- 
tary overloads, oe 

Rated at 3500 watts input, accord- 
ing to Federal’s conservative rating 
policy, this compact power tube oper- 
ates at full ratings at frequencies up 
to 50 megacycles. Maximum ratings 
are: d-c plate voltage, 3500 volts; d-c 
plate current, 1.0 ampere; plate dissi- 
pation, 1200 watts. The filament cur- 
rent is 27.5 amperes at 11 volts. Over- 
all height of the tube is approximately 
Tinches with a maximum diameter of 
3% inches. The F-5303 model is de- 
signed for forced-air cooling, but can 
be supplied for water cooling in 
model F-5302. 


IRON AND STEEL ENGINEER, JANUARY, 1945 


FOUR-STAR PRODUCTION ACHIEVEMENT 





The Navy Department recently played a return engagement for the fourth 
time to award the management and over 700 men and women workers of 
the Automatic Transportation Company the 4th Silver Star Navy ‘“‘E”’ 
Award for outstanding achievement in the production of electric pro- 
pelled materials handling equipment required for Navy and Army require- 
ments in the movement of tons of ammunition and vast supplies for 
the fighting fronts. Captain James C. Byrnes, Jr., USN (Ret.) of the 
Bureau of Ordnance, presented the award to Elmer F. Twyman, general 


manager of Automatic. 


LIGHT WEIGHT PIPE 
AIDS INVASIONS 


A Two plants of the Babcock and 
Wilcox Company at Alliance, Ohio, 
have started production on their three 
thousandth mile of welded invasion 
tubing used to pipe oil and other 
necessary fuels to the front, it was 
announced by officials of the com- 
pany. The two mills have pro- 
duced a substantial portion of the 
country’s total output of 4 in. O. D. 
tubes for invasion pipelines. A single 
welding unit in one plant produces be- 
tween ten and twelve miles a day of 
the tubing, and capacity production is 
between 20 and 25 miles a day. 

The pipe is made in lengths of 20 
feet, four inches in diameter, of 14 
gage low carbon steel. The thickness 
is only slightly more than that of an 
automobile fender. Weighing 67 
pounds, the tubes are light enough 
for a single man to handle, allowing 
quick action in the field. Three squads 
of men can lay between 70 to 80 miles 
miles of tubing a day. 

These pipelines have played an im- 
portant part in the Sicilian, North 
African, and Normandy invasion 





















































campaigns. No longer is the old adage 
true about an army traveling on its 
stomach. Today it travels by means 
of these steel arteries which convey 
the necessary fluids of mechanized 
warfare. One petroleum pipeline car- 
ries enough fuel to free 250 trucks for 
other purposes. Unlike a truck con- 
voy, the pipeline makes such a poor 
bombing target that a 100 lb bomb 
must strike within a few feet to be 
effective. One such pipeline requires 
only one tenth the manpower needed 
for tanker-truck transport. 


REGULATOR COMPANY 
CHANGES OWNERSHIP 


A All the stock of the Askania Regu- 
lator Company of Chicago, Illinois, 
makers of hydraulic control systems 
widely used in the steel industry for 
automatic control of fuel-air ratio, 
furnace pressure, etc., has been ac- 
quired by General Precision Equip- 
ment Corporation of New York. The 
purchase was made for cash but the 
exact amount involved was not dis- 
closed. The present management of 
Askania will continue to be in charge 
of operations. 
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RELAY DEVELOPMENTS POINT TO IMPROVED 
OPERATIONS IN VARIOUS APPLICATIONS 


A A new relay designed to respond to 
change in frequency has been de- 
veloped by Westinghouse. It uses a 
single electro-magnet and has two 
balanced circuits arranged so that a 
small change in power factor makes 
large changes in current. This results 
in a high torque for the operating 
element. 

When two parts of a power system, 
joined by a tie line.are separated by 


loss of the connecting line, one section 
may not have sufficient generating ca- 
pacity to carry its loads. The fre- 
quency will begin to fall off, perhaps 
so rapidly and to such an extent that 
the two systems cannot be resyn- 
chronized until perhaps a great deal of 
important load has been dumped. 
To decrease the amount of load 
dropped and to do it on a preselected 
basis instead of in the heat of an 








At your service! 





international distribution system 


CONDULETS, made only by CROUSE-HINDS, are 
stocked by hundreds of electrical wholesalers, 
backed up by a large staff of Crouse-Hinds product engineers 
at 22 offices and 4 other strategic locations in the U. S. A.; the 


Crouse-Hinds Company of Canada, Lid., 
Crouse-Hinds agents in Latin America. 





in Canada; 22 


There is an electrical wholesaler representing CROUSE-HINDS 
near you, ready and eager to render assistance in handling 
CONDULET problems. Call on him frequently. 


we 


Los Angeles — Milwaukee — Minneapolis 


Pittsburgh 


CROUSE-HINDS COMPANY 


SYRACUSE 1, N. Y., U.S.A. 


Offices: Birmingham — Boston — Chicago—— Cincinnati — Cleveland — Dallas 
New York — Philadelphia 


Denver — Detroit — Houston 


Indianapolis—Kansas_ City 
San Francisco J 


Seattle-— St. Louis— Washington 


Resident Product Engineers: Albany — Atlanta—Charlotte—New Orleans 


CROUSE-HINDS COMPANY OF CANADA, LTD., Main Office and Plant: TORONTO, ONT. 





CONDULETS TRAFFIC SIGNALS ° 


AIRPORT LIGHTING - 


a mele) eo) Mic ae 
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emergency,'is the function of the ney 
relay. 

Relays were built for this purpos 
before, but they have been much niore 
complex, entailing the balancing of 
two opposing torques (i.e., two elec. 
tromagnets) on a single disc. The ney 
relay is far superior in being inde. 
pendent of ambient temperature and 
in the degree of fineness of adjust- 
ment. 

Another new frequency relay (label- 
ed the CF-1) has other applications, 
For example, some of the war-borm 
plants such as synthetic rubber fac. 
tories have surplus electric-power 
producing capacity. The surplus 
power is fed into the local system. 
When, for any reason, the frequency 
on the public-utility system drops, 
the relatively small factory generat- 
ing system tries to shoulder the whole 
load. The frequency relay enables the 
tie line to be broken to avoid this im- 
possible condition. 


SELECTIVE-POLE TRIPPING 


Another relay development, bear- 
ing on the problem of holding together 
systems with single tie lines, is that of 
selective-pole tripping. This is really 
an important extension of an idea 
developed a few years ago, known as 
single-pole reclosing. Most faults 
(about 80 per cent) on single-circuit 
lines are single line to ground. The 
single-pole reclosing idea, which has 
proved very successful, is to open and 
then reclose just that one line instead 
of all three. This allows the arc to go 
out, but holds the two ends of the 
system better as to frequency than if 
they were cut entirely apart. In case 
of faults involving two or three 
phases, all phases are opened in the 
conventional way. 

The new scheme carries this idea 
further, to open two lines if they are 
involved in two-phase-to-ground 
faults or line-to-line faults, which 
comprise most of the remaining types 
of faults. This leaves one line tying 
the system together, which, although 
not so effective as two lines, does 
greatly reduce the tendency for the 
two systems to swing apart in speed 
before reclosure. 

This new system has been thor- 
oughly tested in the field and labora- 
tory, and even under the most severe 
transients, which produce large phase- 
angle shifts, the relays always select 
the correct phase or phases to be 
tripped. 
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An improvement on carrier relaying 
comes about with a relay (HKB) that 
determines whether a breaker should 
epen or not by comparing the waves 
at the two ends of a line section. The 
main features of the new relay method 
are that it uses one relay for all three 
phases instead of one for each, and, 
because it requires no voltage dis- 
crimination, no potential transformers 
are needed. It is also inherently free 
from interpreting an out-of-step con- 
dition as a fault. 


CHROMATE GASKETS FIND 
MANY APPLICATIONS 


A A new type gasket, consisting of a 
felt base, impregnated with a chrom- 
ate pigmented compound which ren- 
ders the material flame and fire-resis- 
tant as well as corrosion resistant, is 
announced by The Sherwin-Williams 
Company. Originally intended as a 
substitute for low-pressure rubber 
gaskets required in marine ventilating 
systems, chromate gasketing has since 
demonstrated its usefulness in many 
other applications, including joint 
seals in water, fuel oil and diesel oil 
systems as well as gasketing for air 
lock and refrigerator doors. 

Chromate gasketing is flame and 
fire resistant to a high degree, thereby 
rendering it valuable where inflam- 
mable materials must be avoided. It 
can withstand relatively prolonged 
exposure to salt water without de- 
composition. It may be had either 
factory pre-cut or cut from sheet at 
the point of use without special tools. 

Chromate gasketing employs as a 
base sheet material, a good grade of 
thoroughly felted, low shoddy content 
wool felt. The felt base is impregnated 
with a specially prepared chromate 
pigmented compound which is non- 
drying, tack and water insoluble and 
renders the felt flexible, pressure re- 
sistant and flame resistant. Because 
the compressibility of a chromate 
gasket depends considerably on the 
method of treatment, great care is 
taken with the impregnating opera- 
tion. 


FLANGING PRESS HAS 
WELDED STEEL FRAME 


AA new 500-ton flanging (joggling) 
press of the gap type is announced by 
by the Watson-Stillman Company, 
Roselle, New Jersey. The new press 


has a frame of welded steel construc- 
tion to enable it to handle heavy 
plate work. 

This press has a dual delivery pump 
(high and low pressure) driven by a 
20 hp motor and has a capacity of 
103 gpm at low pressure and 14.7 gpm 
at high pressure. It has an operating 
pressure up to 2900 psi. 

The vertical or main ram has a ca- 
pacity of 500 tons; stroke, 12 in.; 
depth of throat, 28 in.; size of moving 
platen, 36 in. x 36 in.; size of bed, 66 
in. x 55 in. The horizontal ram has a 


capacity of 250 tons; stroke, 7 in.; size 
of clamping platen, 24 in. x 24 in. 

Operating speeds of vertical ram 
are as follows: advance, 68.5 in. per 
min; pressing, 9.8 in. per min; return, 
106 in. per min. Operating speeds of 
the horizontal ram are: advance, 135 
in. per min; pressing, 19 in. per min; 
return, 150 in. per min. Separate con- 
trols are provided. 

This hydraulic press is 14 ft 6% in. 
in height and requires a floor space of 
5 ft 6 in. x 10 ft 10 in. Its weight is 
approximatelp 80,000 Ib. 


Sfecefy KEMP ADSORPTIVE DRYERS 


X instruments = 16 men 


X instruments + KIA = 


2 men 


That's what happened at a prominent refinery. When the Kemp Instrument Air Dryer pictured 
above was installed, maintenance troubles were materially reduced. Two men can now handle the number 
of instruments that formerly required sixteen because of frequent freeze-ups and clogged orifices. In the 
face of today's labor shortages that is important news! 


Of more importance to refinery officials, however, is the fact that DRY instrument air insured 
functional instrumentation and gave them accurate control of processing. 


For accurate, trouble-free instrumentation, specify KIA Dryers. In fact, it would pay you to consider 
drying all your compressed plant air—our engineers will gladly submit recommendations for your study. 


Ask For Bulletin 25-C. 


OTHER KEMP PRODUCTS 


Nitrogen Generators « Inert Gas Producers 
Atmos-Gas Producers « Immersion Heaters 


Address The C. M. 
Kemp Mig. Co. 405 E. 
Oliver St., Baltimore- 
2, Maryland. 


Fiame Arrestors for vapor lines, flares, etc. 

The Industrial Carburetor for premixing gases 
Submerged Combustion Burners 

A complete line of Industrial Burners, and Fire Checks. 


Caen 


ae 


IRON AND STEEL ENGINEER, JANUARY, 1945 


127 





Yew Literature 


A Intended for the operating engi- 
neer and student interested in the 
practical side of selecting, operating 
and maintaining air compressors, 
‘Air Compressors,” by Eugene W. 
Feller covers in complete fashion all 
types and designs of air compressors. 
Installation, operation and mainte- 
nance information is presented in de- 
tail, with emphasis on the practical 
side rather than on the thermo- 
dynamic theories. Published by 
McGraw-Hill Book Company, 460 
pages, $4.50. 


A “Corrosion,” a 54-page publication 
issued by The International Nickel 
Company, is a convenient and com- 
prehensive analysis of corrosion prin- 
ciples for both the practical man and 
the technician in the metal field. It 
has been prepared in the belief that a 
good working knowledge of corrosion 
is the best possible means of securing 
maximum equipment life and mini- 
mum maintenance costs in situations 
where this destructive process must 
be taken into consideration. 

An opening section explains how 
corrosion processes work, and dis- 
cusses all the known factors that 
influence their action: acidity of solu- 
tion, oxidizing agents, temperature, 
agitation, films, inhibitors, surface 
condition, stress, heat treatment, 
welding, concentration cells, and gal- 
vanic action. These discussions are 
illustrated with graphs, drawings 
and tables. 

The detailed review of testing 
methods that follows tells how service 
conditions are simulated in corrosion 
research. Included is a description of 
the construction and use of the well- 
known spool-type specimen holder for 
determining the comparative be- 
havior of several metals and alloys 
simultaneously under actual oper- 
ating conditions. 

The applicability of Monel, nickel 
and Inconel in various corrosive 
media is analyzed in the closing sec- 
tion of “Corrosion.” Tables list nearly 
500 typical corrosives in which these 
alloys have been successfully used, 
and report the results of more than 
120 specific tests under varied con- 
ditions in 44 common corrosive agents. 

“Corrosion” will be sent on request 
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to equipment designers, engineers, or 
other metal users, by The Interna- 
tional Nickel Company, Inc., 67 Wall 
Street, New York 5, New York. 


A A new bulletin, No. 802, describing 
the Peabody type M oil burner, has 
just been prepared by the Peabody 
ingineering Corporation, 580 Fifth 
Avenue, New York 19, New York. It 
describes and illustrates the mechan- 
ical and operating features of the 
burner for natural or forced draft 
operation and for use with mechan- 
ical, wide range mechanical or steam 
atomizers. Copies may be obtained 
on request. 


AA new edition of a booklet on 
Insulating Fire Brick has been issued 
by the Armstrong Cork Company, 
Building Materials Division, Lan- 
caster, Pennsylvania. The booklet, 
which describes five types of fire 
brick for temperatures up to 2600 F, 
features new data on suspended 
arches and walls and _ tailor-made 
arches and domes. Photographs and 
sketches illustrate the text. Diatoma- 
ceous earth and insulating concrete 
and ingot mold insulation also are 
described in the booklet. 


A The how and why of heating fur- 
nace control is discussed in a new 
bulletin, No. 122, published by the 
Askania Regulator Company. The 
effects of furnace pressure and atmos- 
phere on economy, quality and scale 
formation are treated in detail. 

Copies may be obtained by writing 
Askania Regulator Company, 1603 
South Michigan Avenue, Chicago 16, 
Illinois. 


A The Square D Company, manu- 
facturers of electrical equipment, an- 
nounces the release of a Fall 1944 
edition of the Square D Digest No. 
129. This is an abridged catalog con- 
taining numerous photographs and 
listings of products not listed in the 
previous issue. The Square D line 
includes safety switches, service 
equipment, multi-breakers and other 
circuit breakers, panelboards, bus and 
feeder duct, motor control and pres- 
sure switches. 


A So that everyone who is in any 
way concerned with the efficient 


operation of electrically-heated fur. 
naces, ovens, baths or other units may 
know of a temperature control system 
now available for the first time, ‘he 
Leeds and Northrup Company have 
just issued a new catalog. It descrilves 
a system designed especially to bring 
to electrically-heated units a regula- 
tion of heat-input as dependable as 
their position-adjusting type of M. 
E. C. long has brought to fuel-fired 
furnaces. 

This new 25-page publication ex- 
plains how, by means of an “on-off” 
contacting system, the heating unit 
is fed the electric current needed to 
keep temperature to the required con- 
trol point or program. Schematic 
illustrations show the reader how 
control action is obtained by regulat- 
ing the proportion of time during 
which current is “full on” and “full 


off.”” Installation photos show the J 


control system in use in representa- 
tive plants. Also included is an ex- 
planation to show how easily an 
operator can “tune” the control to 
his particular process. 

For a copy of Micromax Electric 
Control — Duration-Adjusting Type, 
write for catalog N-00A(2), Leeds and 
Northrup Company, 4934 Stenton 
Avenue, Philadelphia 44, Pennsyl- 
vania. 


AA new catalog of technical books 
has just been issued by The Chemical 
Publishing Company, Inc., 26 Court 
Street, Brooklyn 2, New York. This 
catalog includes the latest books on 
chemistry, technology, physics, gen- 
eral science, mathematics, engineer- 
ing, foods, formularies, drugs and cos- 
metics, gardening, medicine, metals, 
technical dictionaries, etc. This cata- 
log, conforming with the requests of 
technical and scientific workers and 
librarians, gives the date of publca- 
tion of each book as well as price, 
number of pages, detailed description 
and full table of contents. A copy of 
this catalog will be sent free to every- 
one who is interested in keeping up 
with the latest technical and scien- 
tific progress. 


A Roots-Connersville Blower Corpo- 
ration of Connersville, Indiana, has 
just issued a new four-page general 
bulletin, No. G-81-D, covering its 
rotary positive blowers and _ gas 
pumps, centrifugal blowers and ex- 
hausters, rotary positive vacuum and 
liquid pumps, rotary displacement 
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Design makes the big difference in valves. 
For instance, with the Quick-As-Wink de- 
scaling valve, you have absolute regulation 
of operating speeds, and can control open- 
ing and closing speed independently, elim- 
inating water hammer entirely. 


Many customers specify Quick-As-Wink 
valves exclusively because they prefer the 
Quick-As-Wink design, performance, and 
construction. 


You will find complete information, including 
sizes, styles, engineering drawings and data in 
the C. B. Hunt catalog. Write for your copy. 


C.B. HUNT & SON 


1863 EAST PERSHING STREET 
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DELTABESTON CABLES 


Withstand Constant, 
Intense Heat 









There’s no tougher job for 
power, lighting, and control 
cables than service in steel mills- 
Operating conditions here, par- 
ticularly in boiler rooms, fur- 
naces, soaking pits, kilns, and 
steam tunnels require a cable 
with great resistance to con- 
stant, intense heat. That’s why 
steel mill operators install Delta- 
beston Asbestos-insulated Power 
Cables. These cables have 
demonstrated time and again 
that they last and do the job 
well where other cables soon be- 
come unfit for service. 


Deltabeston is designed not 
only to withstand intense heat, 
but high moisture, oil, grease 
and most corrosive vapors. Here 
are only a few of a complete line 
of Deltabeston Asbestos-insu- 
lated Cables. There’s a type to 
fit your exacting requirements. 


Deltabeston Power Cables Types AVA 
or AVL for general power wiring in 
places where constant high tem- 
peratures prevail. Insulated with 
felted asbestos, varnished cambric 
insert and asbestos braid or lead 
sheath over-all. 


Deltabeston Boiler Room Wire Type AVA recom- 
mended for lighting and control circuits in ‘‘hot 
spot”’ installations. Insulated with felted asbestos, 
varnished cambric and asbestos braid. 


Deltabeston Apparatus or Motor Lead Wire Type AVA for 
wiring all low-voltage apparatus where flexibility is required 
in excessive heat conditions. Insulated with felted asbestos, 
varnished cambric and asbestos braid—black finish. 


For additional information write to Section Y155-31, Appliance and 
Merchandise Dept., General Electric Co., Bridgeport, Conn. Deltabeston 
Asbestos-insulated Wires and Cables are distributed nationally by 
Graybar Electric Co., G-E Supply Corp., and other G-E Distributors. 


Hear the General Electric radio programs: ‘“‘The G-E All Girl Orchestra’ Sunday 10 


| 

4 

BUY WAR BONDS AND KEEP THEM 

P.M. EWT, NBC. “G-E House Party” Mon. through Fri. 4:00 P.M. EWT, CBS. 


GENERAL (%) ELECTRIC 
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gas and liquid meters, and inert gas 
generators. 

This folder is very profusely illus- 
trated. Typical installation views are 
shown covering the principal applica- 
tions of Roots-Connersville equip- 
ment, such as the chemical and pro- 
cess industries, water works and sew- 
age treatment plants, metal working 
industries, gas plants and oil refiner- 
ies, mining and smelting, supercharg- 
ing and scavenging Diesel engines, 
and the food and grain industries 
The cut legends indicate the range of 
capacities, running up to 50,000 cfm 
when handling air or gas, at a maxi- 
mum of 30 psi. 


AA new 12-page booklet that de- 
scribes X-ray diffraction techniques 
and applications has been announced 
by North American Philips Company, 
Inc., 100 East 42nd Street, New 
York. Diagrams, typical diffraction 
films, and several tabulations are 
given in order to show how Norelco 
X-ray diffraction equipment is used 
for identification, research and pro- 
duction. 


The booklet catalogues many spe- 
cific problems that can be handled in 
the following fields: alloys, asbestos, 
carbon, case hardening, cellulose, 
cement, cold-rolled steel, dry cells and 
batteries, electric silicon steel, steel 
forming, galvanic coatings, greases, 
ingot iron, patent leather, lime, lin- 
seed and china wood oils, oleic acid, 
paper and parchment, plastic film, 
precious stones, rayon, resin, resis- 
tance alloys, rubber, textiles, tung- 
sten, waxes and waxed papers, wood, 
cheese, dairy products and _ soil 
analysis. 


Outstanding features of Norelco X- 
ray diffraction equipment are clearly 
explained. Special pages are devoted 
to powder, back-reflection-focusing, 
and low-angle scatter cameras. In 
addition, the booklet describes briefly 
and simply how X-ray diffraction 
films can be interpreted. 


A Cochrane Corporation’s reprint 
No. 36 describes the application and 
general design of cold water deaer- 
ators to prevent corrosion of pipe 
lines, heat exchange equipment, etc. 
This type of deaerator will have wide 
application in industrial plants, util- 
izing large quantities of cooling 
water. The reprint on “Water De- 
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aeration Halts Corrosion of Equip- 
ment” is free on application. 


A In the latest issue of “Handling 
Materials,” house organ of Towmotor 
Corporation, Cleveland, Ohio, the 
methods used by stevedores to expe- 
dite many varied handling operations 
are discussed in an illustrated and 
informative article based on actual 
on-the-scenes reporting. 


The article was prepared after a 
visit to Jarka Corporation, one of the 
eastern seaboard’s largest stevedores 
and terminal operators and lists the 
complexity of handling problems that 
must be solved efficiently if such an 
organization is to make a profit. 
Jarka’s solutions to these problems in 
making stevedoring an “applied 
science of materials handling,” are 
described in detail. 


The Towmotor article was written 
for readers concerned with handling 
materials in factories, terminals and 
warehouses, who are naturally curious 
about methods employed by those 
who specialize in handling materials. 
Copies of the house organ containing 
the article can be had on request by 


writing Towmotor Corporation, 
Cleveland 10, Ohio. 


A America’s newest mechanical rev- 
olution, “The Principle of Broach- 
ing,” has just been graphically pre- 
sented in the form of a book released 
by The Lapointe Machine Tool Com- 
pany of Hudson, Massachusetts, the 
worlds oldest and largest manufac- 
turers of broaches and_ broaching 
machines covering the entire field of 
broaches and broaching machinery. 


This file size, one hundred and 
eight page book is replete with full 
color illustrations, engineering dia- 
grams and typical broaching prob- 
lems and solutions. 


AA new 8-page folder titled “Some 
Problems Influencing the Drawing of 
Fine Wire” by H. P. Edinga, wire 
division manager, has been announ- 
ced by North American Philips Com- 
pany, Inc., 100 East 42nd Street, 
New York. It is a reprint of a tech- 
nical paper presented by Mr. Edinga 
on October 17, 1944 before the annual 
meeting of the Wire Association at 
Pittsburgh. 


The folder describes the importance 
of fine wire in the world of today. It 


discusses drawing problems particu- 
larly with respect to the cold-drawn 
types. Machines, labor, lubrication, 
diamond dies and production output 
are a few of the items mentioned in 
the discussion. 


A chart is included in the folder 
which shows the relationship of die 
wear to length of wire drawn. The 
author also tells how output per die 
has been increased remarkably in the 
last three years. There is an explana- 
tion of the relationship of die produc- 


























tion to electrical resistance of the 
wire. Advantages to be gained by 
standardization of resistance limits 
are pointed out. 


A Available from Ajax Electric Com- 
pany, Inc., Philadelphia 23, Pennsyl- 
vania, is a pamphlet entitled “Salt 
Bath Quenching Processes.”’ Written 
by H. J. Babcock, of the Ajax Com- 
pany and reprinted from Metals and 
Alloys, it gives much valuable infor- 
mation on isothermal quenching. 
Copies are available on request. 


Liminale BACKLASH, FRICTION, 
WEAR AND CROSS-PULL 


the four destructive evils of other types 


and makes of couplings that prevent 


a permanent care-free installation. 


The Thomas All-Metal Coupling has: 
No Chains, No Gears, No Rubber. 
No Lubrication Required 








TYPE DBZ-D 


WRITE FOR COMPLETE 
ENGINEERING CATALOG 


THOMAS FLEXIBLE COUPLING CO. 
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MORGAN 450-TON 
BLOOM AND SLAB SHEAR 


@ Among the many types of mill equipment built 
by Morgan, is the 450-Ton Bloom Shear illustrated 
above for shearing 12” x 12” blooms and equivalent 
slab sections. Shear is designed without flywheel or 
clutch for start and stop operation. Hold-down gag 
is of the independent hand adjusted type. A motor 
operated gauge is provided for gauging lengths 
from 2’0” to 15’0”. Of massive construction, this 
shear is typical of the types of mill equipment 
Morgan designs and builds. 
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J. Hunter Nead has been named manager of Inland 
Steel Company’s new metallurgical and inspection 
department, formed by merging the activities of its 
Indiana Harbor Works metallurgical department, 
Indiana Harbor Works inspection department, and 
general office department of inspection and metallurgy. 
The purpose of this consolidation is to effect a unified 
control over all of the metallurgical and inspection 
services of the company and to obtain more complete 
correlation of these activities. Mr. Nead, who has been 
with the company for fourteen years, has served as 
chief metallurgist. His principal office will be at the 
Indiana Harbor Works. E. D. Martin and T. S. Wash- 
burn will serve as assistant managers. Mr. Martin will 
be located at the Indiana Harbor Works; Mr. Wash- 
burn at the general office at Chicago. L. S. Marsh, 
heretofore manager of the general office department of 
inspection and metallurgy, will continue in a special 
metallurgical advisory and consulting capacity. Mr. 
Marsh has been with the company for twenty-two years. 


George W. Whitehead is retiring from his position 
as assistant general manager of Bethlehem Steel Com- 
pany’s Lackawanna, New York plant. Mr. Whitehead 
has been associated with the Lackawanna plant since 
March 1906, when he started as labor foreman. Prior 
to this he had served for six years with the United 
States Steel Corporation at South Chicago, Illinois. 


Albert H. Shonkwiler, superintendent of the con- 
tinuous sheet-strip mill at Bethlehem Steel Company, 
Lackawanna, New York, will succeed Mr. Whitehead 
as assistant general manager. Mr. Skonkwiler has been 
with Bethlehem since March 1935, prior to which time 
he had held positions as strip mill superintendent for 
Wheeling Steel Company, and general superintendent 
for Otis Steel Company. 


Henry M. Pfahl, formerly with Carnegie-Illinois 
Steel Corporation as contact metallurgist, is now with 


J. HUNTER NEAD 
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Tate-Jones and Company, Inc., Leetsdale, Pennsyl- 
vania, as metallurgical engineer and assistant manager 
of sales. 


P. G. McAusland, for the past two years comptroller 
of the Reliance Electric and Engineering Company, 
Cleveland, Ohio, has been elected treasurer of the 
company. He will continue to serve as comptroller. 
In his enlarged responsibilities, Mr. McAusland suc- 
ceeds H. M. Hitchcock, whose retirement was an- 
nounced recently. 

Mr. McAusland’s connection with accounting work 
dates back to 1925, when he was employed by Scovell- 
Wellington Company and V. F. Von Rosen and Com- 
pany, in connection with their work for the Cleveland 
Railway Company. From 1932 to 1936 he handled 
accounting for the Street Railway Commission of Cleve- 
land and subsequently became auditor of the Cleveland 
Railway Company. When the city acquired the transit 
system in early 1942, McAusland was made chief of the 
bureau of accounts of the city, the position he relin- 
quished to join Reliance in November 1942. 


R. Conrad Cooper has been made assistant vice 
president, industrial relations, United States Steel Cor- 
poration of Delaware. Mr. Cooper was formerly 
assistant vice president in charge of operations for the 
Wheeling Steel Corporation. A graduate of the Uni- 
versity of Minnesota, where he received a degree of 
B.S. in civil engineering in 1926, he completed over two 
years in night school at the Minnesota College of Law. 
While attending law school he was a field engineer 
for Universal Atlas Cement Company. 

From 1929 to 1937 Mr. Cooper performed industrial 
engineering work for clients in the textile, stamping and 
steel industries. He went to the Wheeling Steel Corpo- 
ration in 1937 as assistant to the vice president in charge 
of operations and was promoted to his present position 
in 1940. 






R. CONRAD COOPER 











Edwin H. Johnson has been appointed to the newly- spent two years as a coal miner, followed by a year iy 


created position of chief engineer of mines for Republic Fellowship work with the United States Bureau of 
Steel Corporation. For the past nine years Mr. Johnson Mines. 

has been serving as a mining engineer in the mining In 1926 Mr. Johnson joined the Coloder Company, 
sales division of the Jeffrey Manufacturing Company, Columbus, Ohio, as sales manager and two years later 
Columbus, Ohio. He was born in Cannonsville, New went to the Cardox Corporation in Chicago in the same 
York, and attended the College of the City of New capacity, later becoming general manager and vice 
York, the Cooper Union Day School of Technical president. Six years later he became a division manager 
Science and the Carnegie Institute of Technology, re- of the Sullivan Machine Company in Michigan City, 
ceiving his bachelor of science and master of science | Indiana, and in 1935 joined the Jeffrey Manufacturing 
degree from the latter institution. Upon graduation he | Company. 


Mr. Johnson’s work will be in connection with both 
Republic’s coal and iron ore mines in the Lake Superior 
HIGH-CALIBRE MEN WANTED | district, northern New York State, western Pennsyl- 
| vania, Kentucky and Alabama. He willfmake his head- 
quarters in Cleveland. 





A leading manufacturer of electrical equip- 
ment, in business more than a quarter of a 


s . . : a . . 
century, has several openings in key positions | Dewey E. Narkates has been appointed assistant 
for high-calibre men of the following quali- | to the director of public relations for Tennessee Coal, 
fications: experience in the sale of industrial, Iron and Railroad Company, Birmingham, Alabama. 


railroad and mine-haulage equipment; back- 
ground of education in electrical engineer- 
ing; 27 to 35 years of age; potential executive 
ability. 

If you measure up to these requirements, 
are ambitious, and are looking forward to 
postwar security and advancement, a letter 


Mr. Narkates comes to this position from the engineer- 
ing and construction department, filling a newly- 
created position. 


Andrew Kaul III has been elected president of the 
Speer Carbon Company, the International Graphite 


giving details of your qualifications and ex- and Electrode Corporation, and the Speer Resistor 
perience will be of mutual interest and Corporation with offices at St. Marys, Pennsylvania. 
advantage. All replies confidential. Address ; : 

Box 365, Iron and Steel Engineer, 1010 Empire Thomas F. Dorsey, following a connection of many 
Building, Pittsburgh 22, Pennsylvania. years with the Fort Pitt Steel Casting Company, for 











the past ten years as sales manager, is now associated 
with the Pittsburgh Steel Foundry Corporation, Glass- 
port, Pennsylvania. He was a member of the board of 
directors of the Steel Founders Society of America 
during 1943-44, and also served on the executive com- 
mittee of the society in 1944. Mr. Dorsey will function 
in a special representative capacity in his new asso- 
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DOOR LIFTS FOR ciation. 
ggeemees Ovens 7 crial Gucldings Milton Annich has been appointed superintendent 
DRIVES AND PULLERS FOR | of standards for all nine divisions of American Brake 


Furnaces» Ouens- Cars -Wirers Shoe Company. Mr. Annich rejoined the Brake Shoe 
| organization after nearly two years service with the 

NEW PRINCIPLES OF DESIGN army in which he was commissioned as a first lieu- 
Low tn Cost - AWigh tn Efficiency tenant in the combat engineers. He will coordinate 
SEND FOR CATALOG standard production and standard costs and assist 
division operating heads in expanding the standards 


FRED Be RYAN COMPANY system. 


WYNCOTE, PENNA., U.S.A. 
(Please turn to page 136) 


SELF-ALYN SLIPPER BEARINGS 


The GATKE Invention that Revolutionized 
Universal Coupling Performance .. . 


® 10 times longer service. Prevent Grease slinging. 

Eliminate Socket Scoring and Wear. Made to fit without machining for 
Avoid costly machine shop work. all sizes and types of UNIVERSAL 
End destructive vibration. COUPLINGS. 

Stop pounding noises. Information on request. 


regee 13. earingy 





BASSAS SS 


GATKE CORPORATION - 228 N. La Salle - CHICAGO 
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THIS 56 PAGE 
INFORMATIVE BOOKLET 





To those interested 






in insulating varnish, 






this booklet presents 






an informative and 






worthwhile approach 


to their insulation 






problems. A valuable, 





ready reference! 
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©” Product Information € History of Insulating Varnish 
@” Reference Tables © illustrations 

@ Production Control # Complete Index 

& Research SEND FOR YOUR FREE COPY TO-DAY 
ae Testing Procedure — — —- to your Company letterhead and 
@ Application Methods Fir 
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LIKE THE SUBMARINE ON WHICH IT IS USED 


The submarine represents the most concentrated power 
known to naval warfare. Similarly, the IMO oil pump 
provides great concentration of pumping capacity in 
small space. It is extremely compact, rugged, simple and 
reliable, having only three moving parts and no valves 
or pilot gears. 

The IMO oil pump is used on submarines for pumping 
both fuel and lubricating oils. You can use this small, but 
effective, pump for boy al 
handling oil of prac- 
tically any viscosity, << 
in any volume, and 
at any pressure. Ask 
for Leaflet 1-112, U 


€ 
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Stanley Szacik has been made assistant superin- 
tendent of the cold draw department, Allegheny- 
Ludlum Steel Corporation, Dunkirk, New York, suc- 
ceeding Arthur H. Hanks, recently appointed super- 
intendent. Anthony Passafaro, formerly superinten- 
dent of hot mills at the Brigham Road plant has been 
made superintendent of hot rolling mills and hammers 
at both the Howard Avenue and Brigham Road plants. 
Emil H. Forsstrom, formerly foreman of the finishing 
department of Brigham Road, has been made assistant 
superintendent of the Brigham Road plant. William K. 
Powers, formerly night supervisor at Brigham Road, 
has been appointed assistant superintendent of the hot 
rolling mills at that plant. 


R. A. Williams has been placed in charge of sales 
for American Car and Foundry Company, succeeding 
William L. Stancliffe who recently resigned from 
those duties. Mr. Williams was elected a vice-president 
of a. c. f. in December 1943, and has been Mr. Stan- 
cliffe’s chief assistant in the sales organization. He has 
been associated with the company since 1924 when he 
entered the engineering department at the St. Louis 
plant. 


David C. Prince, vice president of General Electric 
Company has taken charge of the company’s general 
engineering laboratory, the activities of which will be 
broadened to include the requirements of the entire 
company. This change from the responsibilities of 
application engineering for the Apparatus Department 
became effective January 1. Mr. Prince has also 
been chairman of the company’s special planning 
committee. 

A graduate of the University of Illinois in 1912, Mr. 
Prince’s service with G. E. has been continuous except 
for five years beginning in 1914 which he spent with the 
Illinois Public Utilities Commission and as an officer 
in World War I. He was for several years associated 
with Dr. E. F. W. Alexanderson, world famous radio 
pioneer, was a member of the research laboratory staff 
and subsequently became research engineer on switch- 
gears and manager of commercial engineering. Mr. 
Prince is a past president of American Institute of 
Electrical Engineers. 


Obituaries 


William T. Schaup, manager of service for Basic 
Refractories, Incorporated, Cleveland, Ohio, died 
suddenly on December 3, 1944. Mr. Schaup was born 
at Pomeroy, Ohio, 1877 and had spent practically his 
entire life in the steel industry, having started at the 
age of 14 at the old Homestead Works of the Carnegie- 
Illinois Steel Corporation. During his career he held 
many important positions with various steel companies, 
and was probably one of the best known open hearth 
men in the industry. 


Roy L. Vining, superintendent of the electrical de- 
partment of the Colorado Fuel and Iron Corporation 
since 1926, died December 14 after a lingering illness. 
Mr. Vining was a graduate of Renesselaer Polytechnical 
Institute. Prior to his association with the Colorado 
Fuel and Iron Corporation he had been affiliated in 
the electrical departments of the Singer Sewing Machine 
Company, Youngstown Sheet and Tube Company at 
its Indiana Harbor plant and the Detroit Seamless 
Tube Company. 
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1945 DISTRICT SECTION MEETINGS 


BIRMINGHAM DISTRICT, February 26 


‘‘Combustion Control and Its Relation to 
Smoke Abatement’’, Barney Schilling, Re- 
search Department, Cities Service Com- 
pany, New York City. 


BUFFALO DISTRICT, February 13 


“Die Rolling’, H. F. Marquardt, Superin- 
tendent of Rolling, Republic Steel Corpo- 
ration, Buffalo, N. Y. 


CHICAGO DISTRICT, February 6 


“A-c and D-c Motor Protection,” by 
Charles Homer, Superintendent Electrical 
Department, Youngstown Sheet and Tube 
Company, East Chicago, Indiana. 
“Electronic Controls’ by Frank Roberson, 
Maintenance Division, Gary Steel Works, 
Carnegie-Illinois Steel Corporation, Gary, 
Indiana. 

“Efficient Handling of Lifting Magnets, 
Their Maintenance and Repair,”’ by V. E. 
Holtzlander, Electric Shop Foreman, Inland 
Steel Company, East Chicago, Indiana. 
“Safety Practices,’’ by R. L. Beeswy, Assist- 
ant Superintendent, Electric Power De- 
partments, Inland Steel Company, East 
Chicago, Indiana. 


DETROIT DISTRICT, February 13 


“Development of the Mechanical Phase 
of Open Hearth Steel Manufacture,’ by 
Folke W. Sundblad, Assistant Open Hearth 
Superintendent, Great Lakes Steel Cor- 
poration, Ecorse, Detroit, Michigan. 


PHILADELPHIA DISTRICT, February 3 


“Potential Efficiency of Open Hearth 
Fuels,’’ by B. M. Larsen, Physical Chemist, 
Research Laboratory, U. S. Steel Corpora- 
tion, Kearny, New Jersey. 


PITTSBURGH DISTRICT, February 12 


“The Krause Method of Strip Reduction,” 
by Paul M. Mueller, Chief Engineer in 
Charge of Development, Blaw-Knox Com- 
pany, Pittsburgh, Pennsylvania. 
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There is a Matthews Marking Device for 
every industrial marking need! Let us rec- 
ommend the proper tools to mark your 
products most efficiently and most eco- 
nomically. 

Check items you are interested in: 

(O STEEL STAMPS AND DIES 

(J MARKING MACHINES 

(C0 INTERCHANGEABLE TYPEHOLDERS 
C(O STENCIL MASKS 

(0 METAL CHECKS—BADGES 

() NAME AND IDENTIFICATION PLATES 
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DATA 
Check This Ad 
Attach To Your 
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THE ROWAN CONTROLLER CO., BALTIMORE, MD. 











~~ locations by the Underwriters’ Laboratories, Inc. Entirely 

IL, ZN ce inorganic — since they contain only copper for conductors, 
¢ ~) > glass for insulation, and a glass braid or lead sheath for 
a covering — Okoglass cables cannot burn or give off 


° wee “u flammable gases. 
---an O konite “First You may have a place where Okoglass insulated cables 


will eliminate a fire hazard — or outlast other cables that 
fo ro h e Nav 4 cannot stand high temperatures. Designed in all sizes for 
’ : operation up to 1000 volts at a temperature of 110°C. 
tT h at wi l | b ene f ham Moll) (230°F.), Okoglass cables are recommended for use in 
or near boiler rooms, steam tunnels and furnaces, or in 
cramped quarters where it is necessary to carry a heavier 
load on a conductor of limited size. The Okonite Company, 
Passaic, New Jersey. 


A 1937, when the Navy was searching for greater fire 
resistance in electrical shipboard cables Okonite research 
engineers offered a solution in cables insulated with spun OKONITE “"FIRSTS’’ FOR THE NAVY 
glass. Not only were these cables protected with non- * First to offer a corrosion-resistant lead alloy coating for copper 
combustible glass insulation on the conductors, but even conductors ( “Okoloy ) 

& ’ * First to develop a method of assembling conductors to increase 


H ‘ resistance against twisting ( ‘‘Unilay’’) 
the braid coverings were woven from glass yarn. ore ae cies Eeied wth 0 entrants 


First to submit this construction to the Navy, we had synthetic dielectric ( “Okoseal” ) 
° * First to protect Conductors with flame-resistant glass fiber 
been prepared only because of earlier research on non- insulation ( “Okoglass’’) 
combustible network cables for utility undeground systems. Bat B- en Caen eames eee gee 


In 1935 such Okoglass cables were approved for hot 
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Cross Section of Bulletin 7400, Type RT Vari-Time Contactor 
in de-energized position 





Bulletin 7400 Type RT 
Vari-Time Contactor 


"3C” BULLETIN 7400 Vari-Time Contactors with a built-in adjustable Time- 
Delay, are ideal D.C. motor accelerating Contactors for your heavy duty jobs. 


ADVANTAGES 


1. You have no separate Time Relays to maintain. 


2. Neither does your Vari-Time element need main- 
tenance nor repairs. 


3. You have less panel wiring. 


4. You need fewer of all repair parts because wear- 
ing parts for main and accelerating contactors 
are duplicates. 


OPERATION 


See cross section of V. T. contactor in de-energized 
position. With Coil L energized, a magnetic flux is 
set up through brass cylinder A, steel frame B, and 
steel armature C. Since brass core A is non-magnetic, 
the armature does not close main contacts until steel 
plunger D is pulled forward into center of coil. Liquid 
Eopposes this motion until it passes through orifice G. 


Time delay is provided by this action. 






A fully descriptive Bulletin 7400 is yours for the asking. 


As steel plunger D nears the center of Coil L, the 
flux builds up, causing armature C to close the main 
contacts. Steel Plunger D stays at the front of brass 
cylinder A as long as Coil L is energized. 


Armature C immediately drops open when Coil L 
is de-energized, and Spring F forces steel plunger D 
back very rapidly. 


3 to 1 timing adjustment is providea by adjustable 
stop H. 


GUARANTEE ON VARI-TIME CORE 


Since April, 1937, the following guarantee has been 
made: —'’The Clark Controller Co. will replace, free 
of charge, any Vari-Time core which will fail in 
service during the lifetime of the controller.” 


You can look to the “3C” design and its many years 
of successful use for the reliability you demand in 
your D.C. Contactors for Heavy Duty applications. 
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THE CLARK CONTROLLER CO. 





1146 EAST 152"°ST. 





CLEVELAND, OHIO 
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FOR CONSTANT, ‘‘TROUBLE-FREE”’ RESISTOR SERVICE . . . USE P-f 







% ALL STEEL CONSTRUCTION 
*& MICA INSULATION 

* RUGGED TERMINALS. 
% PROVISION FOR EXPANSION 
& ADEQUATE VENTILATION 
& UNAFFECTED BY VIBRATION 
& MOISTURE RESISTANT — 

y 















%* CORROSION PROTECTED 


% 











Complete date in ‘6 Ty . . . 
ORANTNS bo. See The woe of constant ‘‘trouble-free’’ resistor service is Blo 
Copy on request magnified by current man-power shortages. Through use hie 


of the most durable raw materials and exclusive features of 
design, P-G Steel Grid Resistors help solve maintenance 
and production problems. For minimum maintenance and 
maximum production, useP-G : : : : : : : : : | Frit, 


The Nonbrochable Stel Grid Resistor 
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THE POST-GLOVER ELECTRIC COMPANY Vi 


221 WEST THIRD STREET, CINCINNATI 2, OHIO 
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THE 


CONVEYOR COMPANY 











MAIN OFFICES 
CURREN ARCADE BUILDING 
NORRISTOWN, PENNA. 
PHONE, NORRISTOWN 7539 


Gentlemen: 


January 1945 





SALES OFfrices 
313 NORTH TWENTIETH SrReer 
PHILADELPHIA 3, Penna. 
PHONE, RITTENHOUSE 8999 


Since some time has passed in forwarding information at your 
request regarding the use of our Steam-Vacu-Unit for Open 
Hearth flue dust removal, we are wondering whether there 
were any further questions you would care to have answered. 


We know that at the time of your inquiry, you were more than 
casually interested in our product and, surely, with the labor 
shortage at the present time, no steel producing plant can 
afford to overlook every possible labor saving device to help 
our fighting forces to get the necessary badly needed supplies. 


Our product is now helping the steel industry to reduce the man 
hours of Open Hearth flue dust cleanings on an average of 60%, 
and some of the users reporting a saving as high as 15 hours on 


elapsed rebuilding time. 


Representative installations of our 


equipment are in the following plants: 


Worth Steel Company 


Phoenix Iron Company 
Lukens Steel Company 
Bethlehem Steel Company 


Bethlehem 
Steelton 
Sparrows Point 
Lackawanna 


Republic Steel Company 

Inland Steel Company 
Carnegie-Illinois Steel Company 
Wheeling Steel Company 

Weirton Steel Company 








Wickwire Spencer Steel Company 
Keystone Steel & Wire Company 
American Steel & Wire Company 


We would be interested 
in your comments. 


— ADAPTABLE ALSO TO THE REMOVAL OF,——— 


Blooming Mill cinders; Mill scale, Gas 
Producers’ Fly-ash. For unloading or 
conveying: Dolomite, Coke or Coke 
breeze, Powdered coal, Stayset, Basi- 
Frit, Burned Lime, Fluorspar, Silica Sand, 


etc. 





VACUUM CONVEYOR COMPANY 


SALES OFFICES: 313 NORTH 20TH STREET, PHILADELPHIA 3, PA. 
GENERAL OFFICES: CURREN ARCADE BLDG., NORRISTOWN, PA. 
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Very truly yours 
THE VACUUM CONVEYOR COMPANY 












WU ee ine palletized loads, 
electric industrial trucks, and 
Exide Batteries are on the job, mate- 
rials handling shifts to “high.” It's 4 
modern, efficient combination that has 
become ao im r in the 
faster and safer i 
from factory t© pattle front. 


Exide Batteries have the extra reserve 

eded to meet the exacting tT 
quirements of industrial truck service. 
And this assures sustained speeds 
throughout each shift. For dependa- 
bility, long-life and ease of mainte- 
nance, you c42 always count of Exides. 


How TO CUT HANDLING costs 
Write us for 4 FREE copy of the bulle- 
tin “Unit Loads,” prepared by the 
Industrial Truck Statistical Associa- 
tion. It tells how to cut handling costs 
up to 50% «- - covers Jatest develop 
ments in materials handling - - - and 
includes actual case histories. 


BATTERIES 





HE ELECTR Li Be 
° hiladelphia 32, Exide Batteries of Ca oronto 
I I sO nada, Limited 
> t 
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ROLL NECK RECORD TO BE PROUD OF 


The performance record of Timken Roll Neck Bearings on mills of all kinds 
has no parallel; it is a record to be proud of — and we are proud of it. 
Timken Roll Neck Bearings have rolled the highest tonnages ever rolled 
on high-speed four-high continuous hot strip mills. 


They have performed with equal efficiency and economy on two and three 
high hot and cold reversing mills; bar mills; rod mills; slabbing mills and 
piercing mills. 

But for the pioneering accomplishments of the Timken Roll Neck Bearing 
_it is doubtful whether the high-speed continuous strip mill ever would have 


pe ee 


aie er eS oe ie ee 
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No. 85 
FACE GRINDER 


No. 47W “ABRASAW" 
WET CUT-OFF 
MACHINE 


No. 161 HIGH SPEED 
MOTOR DRIVEN 
FLOOR GRINDER 


No. 103 VERTICAL 
HEAVY DUTY 
SURFACE 
GRINDER 


NE O 
O sule 
Insulatin; 
it, you ca 


=Consider 


RECOMMENDED FOR 6 | een 


FAST, ACCURATE METAL REMOVAL Pst 
Wherever Accuracy & Production Count! 


well-knov 

these fou: 
Long-lived, smooth-running vearings, efficient cooling, extreme Muse from 

ruggedness of frame and fittings, convenient location of controls and Madvantag 

adjustments — these are just a few of the advantages which have 

placed ‘‘Bridgeport’’ equipment in many high production industries 

throughout the U. S. and foreign countries. 


In innumerable metal working plants, the technique of metal removal 
has reached a high stage of excellence through the use of ‘‘Bridgeport" 
Grinders and Grinding Wheels. Wherever speed or an accurate, 
well-finished job are important, ‘‘Bridgeport'’ equipment demon- 
strates beyond all doubt that, peace or war, there is no substitute for 
quality material and expert engineering. 


THE BRIDGEPORT SAFETY EMERY WHEEL CO., INC., BRIDGEPORT, CONN., U. S. A. 


Easy cutti 
saw and sl 
shop or fie 
special sha 
Minimum 
fire brick 

joints, rest 


Economics 
quires a 1 
Cement w 
Uses —Fir 
recommen 
mains and 
pended ar 
tional stat 
Write for 
Johns-M 





“BRIDGEPORT”. 


DEALER REPRESENTATION 


NEW°ENGLAND 
Rudel Machinery Co. 
7 So. Main St. 
Hartford, Conn., and 
Statler Bldg. 

Boston 16, Mass. 


NEW YORK STATE 
Rudel Machinery Co. 


100 E. 42d St. 
New York City 17 


PHILADELPHIA 


E. A. Lynch Mach. Co, 


Times Medical Bldg. 
Ardmore, Pa. 
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WASHINGTON, D. C. 
G. C. Salomone, 

1426 G St., N. W., 
Washington 5, D. C. 


VIRGINIA and 

N. and 8. CAROLINA 
James McGraw, Inc. 
9th & Cary Sts. 
Richmond, Va. 


CINCINNATI 
Brokaw Machinery Co. 
426 West 4th St. 
Cincinnati, Ohio 


CHICAGO 

Bryant Mach. & Eng. Co. 
400 W. Madison St. 
Chicago 6, Ill. 


MINNESOTA 

Anderson Mach. Tool Co. 
2645 University Ave. 

St. Paul, Minn. 


ST. LOUIS 


Blackman & Nuetzel Mach. Co. 


3713 Washington Ave. 
St. Louis, Mo 


TEXAS 

G. F. Cotter Supply Co. 
Union Nat. Bank Bldg. 
Houston, Tex. 


SEATTLE 
Star Machinery Co. 
Seattle, Wash. 


Dawson Machinery Co. 
2727 First St., S. 
Seattle, Wash. 


H. H. Hoffman, 
568 First St. 
Seattle, Wash. 


SAN DIEGO 

P. M. Lockwood Co. 
San Diego, Calif. 
SOUTH AMERICA 


Sabin St. Germain & Assoc. 


285 Madison Ave. 

New York City 17 
GEORGIA 

R. S. Armstrong Bros. Co. 
676 Marietta St. 

Atlanta, Ga. 

ALABAMA 

Quinn & Quinn 

1718 Comer Bldg. 
Birmingham 3, Ala. 


WESTERN NEW YORK 
G. W. Brunton & Son 
First Nat. Bank Bldg. 
Kenmore, N. Y. 
PITTSBURGH 

Rees Machinery Co. 

1016 Empire Bldg. 
Pittsburgh 22, Pa. 
DETROIT 

E. E. Wood Machinery Co. 
2832 E. Grand Blvd. 
Detroit 11, Mich. 
CLEVELAND 

Ss. N. Schenk Co. 
Cleveland, Ohio 
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NE OF THE NEW LIGHTWEIGHT Johns-Manville In- 
O sulating Fireblok covers more surface than five 
Insulating Fire Brick. So, when you reline furnaces with 
it, you can often get the job finished several times faster. 

=Consider how many hours this can save you in down 
time, in maintenance crew time... and how much faster 
our furnaces can get back into profitable production. 
The larger, more convenient size is the only difference 
between J-M’s four new Insulating Fireblok and the four 
well-known J-M Insulating Fire Brick. Either size of 
these four grades of highly efficient refractory linings for 







use from 1600° F. to 2600° F., has these important 

advantages: 

Easy cutting and fitting— J-M Fireblok can be easily cut with a 

saw and shaped with a rasp. Most special shapes can be either 

shop or field cut from standard slabs, reducing the inventory of 

special shapes. 

Minimum of joints—the large size, compared to the standard 

fire brick unit, materially reduces the number and length of 

joints, resulting in a thermally more efficient construction. . MOST WIDELY USED BACK-UP INSULATION 

Economical bonding—with reduced joint length Fireblok re- BETWEEN 600°F. and 1900° F.—J-M SUPEREX 

quires a minimum of air-set cement for bonding. (J-M 1626 ee 

Cement was es iallv develo for this : _Made o igh-quality, calcined diatomaceous 
: I y ped fo —_ ) ; ; silica and bonded with asbestos fiber, Superex com- 

Uses—Fireblok can be used wherever Insulating Fire Brick are bines all the desirable qualities of these two insu- 

recommended such as for heat-treating furnaces, flues, stacks, lating materials. Result: High heat resistance and 

mains and similar equipment. Also for the lining of doors, sus- et ae Hemme na ore rrr 

s, furnaces, etc. Available in 3”, 6’’, 9”’ an oy 
pended arches, and, when tapered, for sprung arches of excep- by 18” and 36” blocks. Other lengths to order. 
tional stability. Various thicknesses. : 









Write for new booklet, IN-103A, on this J-M development. 
Johns-Manville, 22 East 40th St., New York 16, New York. 








oe Johns-Manville 


JM) INDUSTRIAL INSULATIONS 


PRODUCTS 
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Bloom engineers are always glad to analyze your 
combustion problems and suggest uses for the new 
developments, and improved methods of heat control. 
As designers and builders of economical, dependable 
burners and other combustion equipment, utilizing all 
types of fuel—Bloom is not committed to any one 
fuel or method of operation—except that which will 
do your job best. Technical bulletins are available 
on all equipment listed below—write today. 


’ 


BLOOM ENGINEERED EQUIPMENT - 


Tempered-Flame Burners « Long Flame Burners - Mul- 
tiple Jet Type Oil Burners ‘ Combination Gas and Oil 
Burners - Emulsion Type Oil Burners - Nozzle Mix 


Burners - Blast Gates - Unit Oil Atomizer Burners 

















Manual Butterfly Valves - Automatic Butterfly Valves 
Fuel Oil Regulating 
Valves - Air Control Valves - Hot Air Burners - Clean 
Producer Gas Burners - Differential Oil Flow Control 
Valves ‘ Pressure-Balancing Ratio Regulators « and 


‘ Raw Producer Gas Burners 


many other types of standard or specially designed 


equipment for regular fuels orstandby conversion fuels. 


\ 


BLOOM EQUIPMENT APPLICATIONS 


Open Hearths : Metal Mixers - Soaking Pits - Slab 
and Billet Reheating Furnaces - Annealing Operations 
‘ Forge Furnaces « Melting Furnaces - Air Furnaces ° 
Core Ovens - and in every other manufacturing 
process where controlled heat is vital to successful 


low cost operations. 


857 W. NORTH AVENUE 


PITTSBURGH 12, PENNA. 
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BAKER TRUCK with / Oserazor 


does work of 7 men with hand trucks 


a a 


—Releasing these men for 


@ This company uses a Baker Low-Lift Truck for its 
material handling operations in connection with the 
manufacture of high alloy special resistance wire, and 
welding rods. The truck unloads raw materials from 
freight car or highway truck, transports them to the 
foundry, stores the ingots and moves them on skids to 
storage yard or to reheating furnace, where they are 
prepared for rolling into 22” square bars. After bars 
have been cut into billets and ground, the truck carries 
them on skids either to storage or to other reheating 
furnaces, to prepare them for rolling into strips 
or round stock. 


Weights per trip vary from 3,000 to 10,000 Ibs., trips 
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SY VE 
productive work 


vary from 100 to 500 ft. Hundreds of tons of skidded 
metals are handled in the course of a week by the one 
truck. Formerly, this work required as many as 7 men 
with hand trucks. These men have now been released 
for actual production work—helping to solve the 
company’s manpower problem. 

The new Baker Catalog No. 52 describes 

many case histories showing how Baker 

Trucks effect similar savings in a wide vari- 


ety of installations. Call your nearest Baker 
representative or write for your copy today. 


BAKER INDUSTRIAL TRUCK DIVISION of The Baker-Raulang Co. 
2166 West 25th Street + Cleveland, Ohio 
In Canada: Railway and Power Engineering Corporation, Ltd. 





Gas MAIN CLEANING 
7t Specialty! 


PHOTOS BELOW ARE OF A BLAST FURNACE GAS MAIN CLEANED BY 


PITTSBURGH PIPE CLEANER SERVICE 


(Name of steel company on request.) 


Length—1130’ 
Diameter—20’’ 
Seven 90° bends 
Ten 2214° bends 
One 45° bend 


Results — 40° increase in flow; seven 
tons dirt removed. 


Time — 61, hours shut-down time re- 
quired. 
Openings — two. 


DISCHARGE OF DEPOSIT 


PHONE — WIRE — WRITE 


PITTSBURGH PIPE CLEANER COMPANY 


433 Melwood Street Pittsburgh 13, Penna. 


PHILADELPHIA . NEW YORK . BALTIMORE - WASHINGTON - CHICAGO - ST. LOUIS 
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“Continuous Balance”’ is a new principle in pyrometry. It makes the 
Brown ElectroniK Potentiometer an outstanding advance in instru- 
mentation — probably the greatest step forward in several decades. 


In this advanced potentiometer controller, the ‘“‘Continuous Bal- 
ance’”’ unit supplants the galvanometer used in conventional mechani- 
cal-type potentiometers employing a periodic or cyclic mechanism. 

As an Air-operated Controller it provides the ideal synchronization 
of measurement and control for temperature processes. 

What ‘‘Continuous Balance’’ does for measurement — ‘‘Air-o-Line 
Control”’ does for fuel modulation, being capable of infinite fineness 
in fuel valve adjustment. 

Used with conventional wiring and thermocouple installations, 
Brown ElectroniK Potentiometers are rapidly outmoding all other 
forms of temperature controllers in heat treating processes. 


Thousands of operating hours have proved the Brown ElectroniK 
Potentiometers’ superior performance — sensitivity — and ruggedness. 


Write for Catalog 15-4, THE BROWN INSTRUMENT COMPANY, a division of Min- 
neapolis-Honeywell Regulator Company, 4464 Wayne Avenue, Philadelphia 44, Pa- 
Offices in all principal cities. 119 Peter Street, Toronto, Canada — Wadsworth Road, 
Perivale, Middlesex, England — Nybrokajen 7, Stockholm, Sweden. 


BROWN 
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Typical Applications 


Annealing 

Hardening 

High Speed Salt Baths 
Lead Baths 

Stress Relieving 
Sub-zero Treating 
Normalizing 

Nitriding 

Carburizing 


Partial List of Users 


Aluminum Co. of America 
Boeing Aircraft Co. 

Buick Motor Co. 

Chrysler Corp. 

Butcher and Hart Mfg. Corp. 
U. S. Naval Air Station 
Fisher Body Co. 

Linde Air Products 
Walworth Co. 

Illinois Tool Works 
General Electric Co. 
Dayton Forging 

Harvey Metal Corp. 

St. Joseph Lead Co. 
Canadian Westinghouse 
Ford Motor Co. 

Kelsey Hayes Wheel Co. 
National Cash Register 
American Magnesium Co. 
Cramp Brass Fdy. Division 
Cooper Bessemer Corp. 
Pitcairn Co. 


POTENTIOMETERS 











OHIO ARMORED 
WEATHER PROOF 


CONNECTORS 




















Save time to make or break connections. 


They are operated by hand, (see the Bayonet Joint 
in Cut). 


No Tools or Tape required. 
No danger, live parts covered by insulated Iron Shell. 


Two Pole Connectors have Automatic Spring Cover 
closing live end when not connected. 


They also have support Ears for mounting (see cut). 


Single Pole Connectors are furnished without Spring 
Closing Covers or Support Ears. 


Cable Ends are No. 4 B & S Extra Flexible Rubber 
Insulated Wire. 


Capacity 150 amperes continuous. 


Weight Net Price 


Single Pole Connectors.......... 5 Lbs. $12.00 Each 
Double Pole Connectors......... 1344 Lbs. $25.00 Each 
Lower or Plug End Separately................ § 7.50 Each 
Priority required F.O. B. CLEVELAND 





The OHIO Electric 
Mfg. Company 


M S 5907 Maurice Avenue 
Vi’ §s! Cleveland 4, - - # =OQhio 
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Protect Gears 
--Stop Noise! 


Prolong Life | 
g stiff 
Steel mill gearing costs a lot of 
money and its protection requires 
com 


definite performance from lubri- jf 
cants. Ordinary gear greases and 
shields don’t protect gear teeth, 
because they cannot resist the 
effects of speed and pressure. 


NON-FLUID OIL protects gear 
teeth effectively — because it is 
so adhesive that it keeps gears 
coated with a continuous film of 
lubricant — it is not thrown off 
by speed, or forced out by pres- 
sure. Furthermore, NON-FLUID 
OIL resists heat, so will not thin 
out and run off. Nor will it “‘ball 
up”? and roll off gears in cold 
locations. 








NON-FLUID OIL is being used 
successfully in leading iron and 
steel mills. Send for instructive 
bulletin. 












New York & New Jersey Lubricant Co. 


‘Main Office: 292 Madison Ave., New York 17, N.Y. 
WAREHOUSES: 















Chicago, II. Atlanta, Ga. 
St. Louis, Mo. Detroit, Mich. 
Providence, R. |. Charlotte, N.C. Greenville, S. C. 

















Modern Steel Mill Lubricant 









Better Lubrication at Less Cost per Month 
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Are-you set for 


stiffer 


competition? 


MVACKINTOSH-HEMPHILL 


nodern shear design 





neans FASTER, CLEANER, 
MORE ECONOMICAL CUTS 


Model B! Billet, Bor ond Shape 
Shear (234” x 234” mild cold steel.) 


1” thick x 100” wide Plate Shear. 


Are your shearing costs too high? 
Mack-Hemp Shears have cut oper- 
ating expenses in dozens of plants. 
They are the last word in eco- 
nomical, large volume production. 
They typify what M-H advanced 
engineering and plenty of “‘know 


how”’ manufacturing experience can 


Model B 6 - Billet, Bor and Shape 
Shear (7" x 7” mild cold steel.) 






accomplish. Available in six sizes 
of billet shears (up to 7” x 7” mild 
steel billets) and plate shears from 
34"’ to 2” thick (up to 156” wide 
they give you a definite advantage 
in meeting today’s production 
schedule and tomorrow’s market 
price .. . Write for details. 


MACKINTOSH-HEMPHILL CO., Pittsburgh and Midland, Penna. 


Makers of the Rolls with the Red Wabblers 











A COPY OF CATALOG GIVING FULL DESCRIPTION AND ENGINEERING DATA SENT UPON REQUES| 


FLEXIBLE COUPLINGS 


POOLE FOUNDRY & MACHINE COMPANY WOODBERRY, BALTIMORE, MD 











OF casi! 
ee 


J 
Wrtte for your copies of these informative, 


technical Bulletins today. They are filled 
with practical installation data, charts, 
specifications and other information you 
should have for immediate reference. 


eed 
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l MILLION KVA of _— Furace Transformer) 






























Aetna- 
Air Re 
Allians 
Wm. Bh 
Baker: 
Banta 
Tt 
Birdsb 
Bloom 
Bonno 
Bridge 
Bristo’ 
Brode! 
Brown 
Buffal 
} 
SME PROBLEMS OF DESIGN Clark 
AND HOW THEY ARE MET vane 
Crouse 
Cutl 
1. Overloads. — 
Electric Furnace operation inherently subjects 
Furnace Transformers to heavy overloads. To 
carry these overloads safely, a low temperature DeLav 
gradient must be maintained between copper Deltat 
and oil. Pennsylvania coils are designed so that John ¢ 
a large strface of each wire in the high voltage 
and low voltage windings is directly exposed to 
the cooling oil. Large vertical ducts distribute 
the oil through the coils. Ducts are clear and Edisor 
unobstructed; hot spots cannot develop in the Pee 
windings. Electr 
2. Balancing of Stresses. 
Pennsylvania coils are balanced to reduce the 
| radial and axial short circuit stresses to a mini- 
mum. 1. The circular shape protects the coils a 
against deformation due to radial short circuit Flinn 
) forces. 2. The total axial short circuit force is Fluor 
calculated for each design and the coils are 
subjected to an equivalent pressure in a three 
hundred ton hydraulic press. The ability of the 
coils to maintain their shape, under the pre- Gatke 
scribed pressure, guarantees that the transformer Gener 
will safely withstand short circuits. 
3. Distribution of Currents. 
Due to heavy secondary currents, the windings Halide 
must be subdivided into numerous parallel sec- Hays | 
tions. A skillful arrangement of the windings eg 
Cin Fepotation in the Furnace Trans- insures that each section carries an equal share Hyatt 
#5 over 30 - * te of the current. Careful transposition of the G 
bg years, Pennsylvania individual conductors of each section in the wind- Hydre 
Engineers hae, closely followed the development of ings reduces the copper eddy losses to a mini- 
Electric Purnaces. They fully understand the problems = This results in improved efficiency, more 
of Electric Furnaces and their relation to Furnace er on Sopp temperature and prevention of —— 
Transformers. 
Johns 
ey 
TRANSFORMER COMPANY PITTSBURGH, PENNSYLVANE C. M. 
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Aetna-Standard Engineering Company.......... 
Air Reduction Sales Company... 


Alliance Machine Company..................... 12 
B 
Wm. M. Bailey Company... Sida a sty ae eck te ack GE 
Baker-Raulang Company ere Peete F 147 
Bantam Bearings Division, 
The Torrington Company.... gal ee 


Birdsboro Steel Foundry and Machine > Company. 10 
Bloom Engineering Company. . .146 
Bonnot Company. 8 
Bridgeport Safety Emery Wheel Company, Inc.. .144 


Bristol Company < .118 
Broden Construction Company... es oe 
Brown Instrument Company. . ; in 
Buffalo Forge Company............... ere 
Cc 
Clark Controller Company.......... 139 
Cleveland Crane and Engineering Company. . 30 
Continental Foundry and Machine Company. pu 


Crouse-Hinds Company........ 1 
Cutler-Hammer, Inc. Cover 2 


DeLaval Steam Turbine Company........... 116, 136 
Deltabeston Division, General Electric ¢ Company, 130 
John C. Dolph Company ak vise 135 


E 


Edison Storage Battery Division, 
Thomas A. Edison, Inc.. 

Electric Controller & Manufacturing esemerte: oe 

Electric Storage Battery Company. . 142 


F 
Farrel-Birmingham Company................... 21 
NN I Pret et Toor Cover 3 
Flinn and Dreffin Company..................... 34 
UI, Ms, 2, oc. egy isc cccceussege 7 
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General Electric Com \pany... 





H 
Haliden Machine Semneery : in. 


Hays Corporation. Seer en on) 
Heppenstall Company. fe cee ee ae ie ae so See 
C. B. Ment and Gen................ he Reel ee 
Hyatt Bearings Division, 

General Motors Corporation................ 105 
Edi gaasscoaauees bes vovesetents 3 
I 
International Nickel Company............ te 
J 
Johns-Manville Corporation.................... 145 
K 
Cc. M. Kemp Manufacturing Company.......... 127 








NDEX TO ADVERTISERS 
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Leeds and Northrup Company... 112 
Lewis Foundry and Machine Division, 

Blaw-Knox Company 15 
Linde Air Products Company. 17, 18, 19, 20 
Lovejoy Flexible Coupling Company 78 


M 
Mackintosh-Hemphill Company 151 
Jas. H. Matthews and Company 137 
McKay Machine Company 34 
Arthur G. McKee and Company 120 
Mesta Machine Company Cover 1 
Morgan Construction Company 23 
Morgan Engineering Company 132 
N 
National Bearing Metals Corporation 16 
National Carbon Company, 14, 115 
National Roll and Foundry Company. 2 


New York and New Jersey Lubricant Company. . 150 
Norma-Hoffmann Bearings Corporation 156 
North American Manufacturing Company . 26 


oO 


Ohio Electric Manufacturing Company 
Okonite Company 138 
P 
Pennsylvania Transformer Company ... 164 
Philco Corporation, Storage Battery Division... 124 
Pittsburgh Lectromelt Furnace Corporation 36 
Pittsburgh Pipe Cleaner Company... 148 
Pittsburgh Rolls Division, Blaw-Knox Company 25 
Poole Foundry and Machine Company 152 
Post-Glover Electric Company.... —e 







R 
Reliance Electric and Engineering sapped a 
Rockbestos Products Corporation... 79 
Rowan Controller Company... 136, 137 
Fred J. Ryan Company..... toe 





Ss 


Schloemann Engineering Corporation 
SKF Industries, Inc. 
Surface Combustion 


T 
Thomas Flexible Coupling Company... 


Timken Roller Bearing Company... ase 
The Torrington Company, 
Bantam Bearings Division... . = 13 
U 


Union Carbide and 


Carbon Corporation...... 14, 17, 18, 19, 20, 115 


United Engineering and Foundry Company .. ee 
V 

Vacuum Conveyor Company.................... 141 
WwW 

Wagner Electric Corporation.................... 9 

Wean Engineering Company, Inc................ 34 

Wean Engineering Company of Canada, Ltd..... 34 















































































PLEDGED to all-out aid to America's fighting forces, 
NORMA-HOFFMANN is devoting all its resources and 
its 34-years' experience, to the production of PRE- 
CISION BEARINGS for the Army, Navy and Air Corps, 


and for manufacturers of armament and equipment. 





NORMA-HOFFMANN BEARINGS CORPORATION. STAMFORD, CONN., U.S. A. 


BALL, ROLLER AND THRUST BEARINGS ° FOUNDED 1911. 
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e EVERY DAY IN 1945—- 
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Ce 
EVERY. FARVAL-EQUIPPED PLANT WILL 


. a 


* Eliminate labor of oiling 
* Cut shutdowns for repairs 
* Avoid waste of lubricant 
* Make bearings last longer 


Increase production 


Farval—the Dualine System with Will your plant be Farvalized in 1945? 
the Positive Piston Displacement ‘ : 


Valve—that has but 2 Moving ‘Phone your nearest Farval Rep- 
Parts —is Fully Adjustable — and . : 

with a Tell-tale at each bearing to resentative—or write— 

show the job is done. 


The Farval Corporation, 3278 
e East 80th Street, Cleveland 4, Ohio. 
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HESE new contactors meet the 

most severe requirements of high- 
voltage motor-control. service. Their 
design gives them a mechanical life 
of millions of operations. Contact- 
tip life of many times the life of 
comparable oil-immersed tips makes 
these air-break contactors the logical 
answer for any severe duty—in steel 
mills, rubber mills, etc. The current- 
limiting fuses, Type EJ-2, are an 
especially important feature. They 
operate in a split cycle. When a short 
occurs, they cut off the rise in current 
in less than a quarter cycle, and clear 
it in less than a half cycle—long 
before the short has had time to 
harm the contactor or motor. 


Here are 3 other important advantages 
1. Personnel protection—Totally 
metal-enclosed, Limitamp controls 
give protection to operating per- 
sonnel. 


Buy all the BONDS you 
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2. Overload protection—Isother- 
mic overload relays, calibrated 
accurately against actual motor 
characteristics, protect the motor 
from overheating due to sustained 
overloads or single-phasing. 


3. Undervoltage protection—All 
Limitamp controllers can be fur- 
nished with instantaneous or time- 
delay undervoltage protection. 


YOU’LL WANT TO KNOW all 
about this motor control. How 
separate compartments for the 
high- and low-voltage circuits pro- 


tect the operator. How a group of | 


these starters can be fitted to- 
gether to give you a neat, compact 
control. panel. Our local sales 
engineers will be glad to help you 
select a control to fit your appli- 
cation. General Electric Company, 
Schenectady 5, N. Y. 
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